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ANNUAL COMPANION 



TO 



THE OBSERVATORY, 

A MONTHLY REVIEW OF ASTRONOMY. 



No. 170. 1891. Vol. XIV. 



INTEODUCTION. 

In the absence of any criticism or suggestions as to the contents 
and arrangement of last year's 'Companion/ we have made no 
change in the present issue. 

As in former years, we have to thank Mr. Denning for revising 
the " Meteor Notes," Mr. Lewis for the Double Stars, for some of 
which Mr. Maw has kindly suppHed observations. M. Loewy has 
again favoured us with advance-proofs from which we have obtained 
the Variable Star Ephemerides. The occultations and phenomena 
of Jupiter's Satellites are from the 'Nautical Almanac'; the 
diagrams and Ephemerides of the Satellites of the other planets 
from the * American Ephemeris.' 

The " Fraction of the Year " is the fraction which has elapsed 
at mean noon of the particular day. The Moon's declination 
is given for mean midnight. The "Longitude of the Moon's 
Terminator " is given for mean midnight ; the letters M. and B- 
signifying morning and evening — that is, that the Sun is rising 
or setting on that particular longitude of the Moon's surface ; the 
sign — indicates longitudes reckoned from the central meridian 
in a westward direction. The angles of disappearance and re- 
appearance for occultations are reckoned from the tme north in the 
direction N. E. S. VST., as for double stars. 

Greenwich Mean Time is used in all cases, and the astronomical 
day is reckoned from noon to noon as in previous years. 
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6 13 


17 58 


38N 


7 3 


23 58 48 


C25 


I 12 


*9 


88 


•238 


625 


17 42 


3 23 


4 54 


26 24 






April 5 


95 


•257 


6 37 


17 27 


6 4 


2 47 


54 


<[ I 


18 30 


12 


lOZ 


•277 


6 48 


17 II 


8 41 


51 


I 21 36 


• 8 


8 57 


19 


109 


•296 


7 


16 56 


II 10 


23 59 8 


I 49 12 


}>'5 


13 40 


26 


116 


•315 


7 12 


16 42 


13 31 


57 45 


2 16 48 


O23 


17 5 


May 3 


123 


•334 


7 23 


16 29 


15 40 


56 47 


2 44 24 


<C I 


I 5« 


lO 


130 


•353 


7 34 


16 17 


17 37 


56 16 


3 12 


• 7 


18 16 


17 


137 


•372 


7 45 


16 6 


19 20 


56 13 


3 39 35 


)>i5 


7 4 


M 


,44 


•392 


I 55 


15 57 


20 46 


56 36 


4 7 II 


023 


6 26 


31 


»5» 


•411 


8 3 


15 51 


21 55 


57 25 


4 34 47 


(C30 


6 55 


June 7 


158 


•430 


8 10 


15 46 


22 46 


58 34 


5 2 23 


• 6 


4 a6 


H 


165 


•449 


! '5 


15 44 


23 16 


23 59 58 


5 29 59 


})i4 


34 


21 


172 


•468 


8 18 


15 45 


23 27 


I 27 


5 57 35 


C21 


17 12 


28 


179 


•487 


8 19 


15 48 


23 18 


z 56 


6 25 II 


([28 


II 16 


July 5 


186 


•507 


8 17 


15 53 


22 48 


4 16 


6 52 47 


• 5 


15 59 


12 


193 


•526 


8 12 


16 


22 


5 21 


7 20 23 


DiS 


17 29 


19 


200 


•545 


8 5 


16 8 


20 52 


6 2 


7 47 59 


O21 


I 54 


26 


207 


•564 


7 56 


16 18 


19 28 


6 17 


8 15 35 


<C27 


16 33 


Aug. 2 


214 


•583 


7 46 


16 28 


17 47 


6 3 


8 43 10 


• 4 


5 12 


9 


221 


•602 


7 33 


16 39 


15 53 


5 20 


9 10 46 


D 12 


9 12 


16 


228 


•622 


7 20 


16 50 


13 46 


4 9 


9 38 22 


0'9 


9 28 


^3 


235 


•641 


7 6 


17 I 


II 28 


2 31 


10 5 58 


([26 


9 


30 


242 


•660 


651 


17 12 


9 I 


33 


10 33 34 






Sept. 6 


249 


•679 


6 35 


17 23 


6 28 


23 58 19 


II I 10 


• 2 


ao 16 


13 


256 


•698 


6 19 


17 34 


3 49 


55 55 


II 28 46 


D 10 


23 7 


20 


263 


•717 


6 3 


17 46 


I 6N 


53 26 


II 56 22 


O17 


17 4 


27 


270 . 


•737 


5 47 


17 57 


I 37 S 


51 I 


12 23 57 


(I24 


II 7 


Oct 4 


277 


•756 


5 31 


18 9 


4 21 


48 46 


12 51 33 


• 2 


12 58 


II 


284 


•775 


5 »5 


18 20 


7 I 


46 48 


»3 19 9 


3) 10 


10 57 


18 


291 


•794 


5 


18 32 


9 37 


45 14 


13 46 45 


O17 


' 45 


»5 


298 


•813 


4 46 


18 45 


12 6 


44 9 


14 14 21 


(C24 


I 56 


Nov. I 


305 


•832 


4 32 


18 57 


14 26 


43 40 


14 41 57 


• I 


6 33 


8 


312 


•852 


4 20 


19 9 


16 35 


43 51 


15 9 33 


D 8 


20 46 


«5 


319 


•871 


4 10 


19 22 


18 30 


44 41 


15 37 9 


O15 


12 16 


22 


326 


•890 


4 I 


19 33 


20 9 


46 13 


16 4 45 


<(22 


20 26 


29 


333 


•909 


3 54 


19 44 


21 30 


48 24 


16 32 20 


• 30 


as 45 


Deo. 6 


340 


'928 


3 50 


19 54 


22 31 


51 9 


16 59 56 


3) 8 


5 13 


13 


347 


•947 


3 49 


20 I 


23 10 


54 18 


17 27 32 


O15 


53 


20 


354 


•967 


3 50 


20 6 


13 27 


23 57 43 


17 55 -8 


((£2 


«7 39 


27 




361 


•986 


3 54 


20 8 


23 20 S 


I 12 


18 22 44 


• 30 


15 20 



For Mood'b phaaea: # signifies New ; ^ First Quarter ; QFuU; ([ Last Quarter. 
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Meteor- ihowerx . 



[No. iro. 



Liit of the principal Meteor-showers of the Year, derived from 
recent Observations. By W. F. DENNiNa. 



Date. 


Ridtaut- 
poinL 


Nutea. 


Date. 


Rudiiuii- 
point. 


Nol«. 




^ 






i 




Jtn. 1 .. 


230 +sl 


Swift; long patbs. 


JtJy 28 ., 


330-12 


Slow; lonr 




14° +S7 


Swifi ; Kliort. 


30 




fi +3S Swift ; Btreoks. 




HI +4» 


Swift; slrealts. 


3' 




7 +11 Swifl; streaks. 




19! +S9 


Slnw ; briglit. 


Aug. 4 




JO +j6 [ Swifl ; strealia. 




loS - g 


Verj8<v-ift;alr«all. 






4B +B7 1 Swift; BtratkB. 




180 +14 


Swift, 


.6 




61 +48 Swift; atrraks. 


Fab. 4 .. 


6. +iS 


e>tli(<r twift. 






73 +4t 1 S>virt; Btreakl. 




136 +,, 


Swift; >lr»ks. 






iqi +60 Slow; brieht. 




161 + 4 


Swift; rtreaW. 


25 


..| "s +'■ 'Slow; short. 




iS. +3+ 


Svrift; bright. 


Sept. J 


■■\ 154 +lB Yerj'Bwitl. 




Z63 +j6 


Swift; Blraaka. 


4 




J46 ± 1 Slow ; brigliL 


Uor. I .. 


47 ++S 


Very alow. 


7 




61 +J7 ; Swifl; strealii. 


14 ■ 


.75 +10 


Slow; briglit. 


i; 




48 +44 


Ve!7 Bwifi. 


14.. 


»8<. -.4 


Swift; atrmkB. 


■9 




S +10 


Slow; Bhort, 


IS .. 


]i6 +76 


Slow; bpielit. 






)i +19 


Slaw, 


1+.. 


161 +58 


Swift. / 






33! +58 


Sluwisb, 


17 .. 


219 +31 


Swift; small. 






63 +21 


Swift ; streaka. 


xt .. 


i6i +61 


Rsthar swift. 


30 




25 +71 


811111II ; short. 


ipr. .7 .. 


.65 - 6 


Veryalfw. 


Oct. 2 




7J +4" 


Swift; etrfnkn. 




I'J +S3 


Swift ; short. 






^^e. +52 


Slow ; brigbt. 




13' +'7 


Swift; Bhort, 


4 




'33 +79 


Swift; Btreaka. 


19 .. 


119 - 1 


Slow; long. 


4 




310 +77 


Slowiah. 




270 +33 


Swift. 


8 




42 +SS 


Slow; trained. 


15 .. 


271 +11 


Swift; alinrt. 


8 




77 +JI 


Swift; BtreaU. 


M-y ... 


'39 +46 


Small i .bort. 






.1 + 6 


Slow; bright. 


S- 


»M +10 


Slowish. 


14 




40 +20 


Rather swift. 


^■ 


^^i ~" 


Blowigb. 






135 +68 


Swift: atrraks. 


fi .. 


338 - 2 


Swift ; atrenii. 


18 




92 +15 


Swift; streaks. 




"^ + 7 


Slow; bright. 






106 +12 


Swift; BtreakB. 


IS .. 


295 ± 


Swift; atronka. 


»9 




109 +13 


Verj Bwift. 


jq ,. 


264 +64 


Slowiah. 






43 +22 


Slow ; bright. 
Slow; bright. 
Swift; BtreakB. 


JO,. 


333 +17 


Swift ; Bin-aka. 






55 + 9 


June 7 .. 


2+7 -15 


Slow; verj bright. 


13 




ISO + 2 


13 - 


3.n +6. 


Swift; BtrwikH, 






154 ++1 


Swift ; streaks. 


15.. 


191 +52 


Swift ; emnil. 






53 +71 


Slowiab. 


"r- 


28s 4-23 


Slowiah, 






i' +;, 


How; bright. 


18 .. 


302 +1+ 


Swift. 


27 




25 +44 


Very slow; traint 




U5 +57 


Swift. 


3° 




.90 +58 


Swilt; Btreaks. 


i3 ., 


294 +39 


Slow. 


Deo. 4 




161 +58 


Swift; Btrenks. 


Julj 4- 


J°3 +24 


Swift. 


4 




no +1; 


Stowish. 


i ■■ 


>' -I-2J 


Swift ; Htreaks. 


5 




.05 +.. 


Slow. 




3+9 +5i 


Swift. 






80 +13 


Slow; bright. 
Swift; fltreabt 


19.. 


3' 4 +4S 


Swift; Bhorl. 






1+5 + 7 




269 +49 


Swift, 


8 




Z08 +71 


Rather Bwift. 




.6 +3. 


Swift ; stnmkfl. 






loa +33 


Swift; Bhort. 


ij- 


335 +49 


Swift; Bborl. 


ig 




134 + 8 


Very sw.lt. 


-s- 


48 +43 Swift ; BtraaLa. 


2; 




'94 -i-^r 


Swift; streaks. 



The radiant pnin 



1 of the 



;t br-Mliai 



are indicated by hearier type. 
iT«teniB remain Tiaible for a conaidBrabla period ; thus the Per»8ii 
With jnatimum on AuBiiat 10, form a rich display from July 15 to Aiiauat ic, and t 
KKiiant-poit>t iwlvanws from about 27= +54'' to 56= +57'>. On August , it is placed 
jjO+sS^pundonAuguat satjS" +S70. 
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Planets. 



[No. 170. 









Jnpiter {n). 












Saturn (h). 






I89I. 


B.A. 


Dec. 


Diam. 


Rises, 
h m 


Tran- 
sits. 


Sets. 


R.A. 


Dec. 


Diam. 


Rises. 


Tran- 
sits. 


Sets. 




h 


m 8 


1 


Ii 


h m 


h m 


h 


m 8 


J 


II 


h m 


h m 


h m 


Jan. I 


21 


9 II 


17 1 1 S. 


3*'3 


21 48 


2 25 


6 59 


II 


15 52 


6 S3N. 


17-6 


9 51 


16 30 


23 9 


21 


21 


27 16 


15 49 


31-5 


20 41 


I 25 


6 6 


II 


14 2 


7 10 


181 


8 29 


15 9 


21 49 


Feb. 10 


21 


45 57 


14 18 


31-4 


19 33 25 


5 14 


II 


9 53 


7 41 


186 


7 4 


13 46 


20 28 


Mar. 2 


22 


4 31 


12 41 


31*5 


i8 2423 22 


4 23 


II 


4 17 


8 19 


i8-6 


5 36 


12 22 


19 8 


22 


22 


22 19 


II 4 


32-0 


17 1422 21 


3 31 


10 


58 30 


8 55 


i8-5 


4 9 


10 58 


17 47 


Apr. II 


22 


38 46 


9 31 


33-J 


i6 321 18 


2 36 


10 


53 44 


9 ^3 


183 


2 42 


9 34 


16 26 


May 1 


22 


53 Ii 


8 8 


34-6 


14 5120 14 I 41 


10 


51 


9 37 


17-8 


I 20 


8 13 


15 6 


21 


23 


4 59 


7 


365 


13 3919 7: 39 


10 


50 45 


9 35 


17-1 


I 


6 54 


13 47 


June 10 


i3 


13 20 


6 14 


38-8 


12 26,17 5623 26 


10 


53 4 


9 18 


1 6*4 


22 43 


5 38 


12 29 


30 


*3 


17 32 


5 53 


41*4 


II 8 16 4222 16 


10 


57 41 


8 46 


159 


21 32^ 4 24 


II 12 


July 20 


^3 


17 2 


6 3 


44-0 


9 50' 1 5 2220 54 


II 


4 13 


8 3 


15-5 


20 24 


3 i» 


9 56 


Aug. 9 


23 


II 55 


6 41 


46- 1 


8 2913 5919 29 


II 


12 8 


7 12 


15-2 


19 17 


2 I 


8 41 


29 


23 


3 "^i 


7 39 


47*4 


7 7 


la 31,17 55 


II 


20 58 


6 16 


15*0 


18 12 


51 


7 26 


Sept. 18 


22 


53 38 


8 40 


47-0 


5 43 


II 3 16 23 


II 


30 II 


5 18 


15-0 


17 823 38 


6 12 


Oct. 8 


22 


45 35 


9 ^7 


45.6 


4 19 


9 3614 53 


II 


39 17 


4 21 


15*1 


16 2 


22 29 


4 58 


28 


22 


41 30 


9 47 


43-3 


2 59 


8 14 13 29 


II 


47 4* 


3 30 


15-3 


14 57 


21 18 


3 43 


Nov. 17 


22 


42 25 


9 37 


4O'0 


I 41 


6 56 12 II 


II 


54 55 


2 47 


15-8 


13 49 


20 7 


2 29 


Dec. 7 


22 


48 13 


8 58 


5*1 


24 


5 43 


II 2 


12 


21 


2 17 


163 


12 38 


18 53 


I 12 


27 


22 


58 II 


7 53 S. 


35-8 


23 6 


4 35 


10 


12 


3 31 


2 2N. 


i6-8 


II 24|i7 38 


23 52 





1 


CTranus 


(y). 












Neptune (^), 






Jan. J 


13 55 44 


II 17 S. 


3-6 


14 


4 


19 9 


18 


4 II 23 


19 25 N. 


2-6 


I 36 


9 26 


17 16 


31 


13 57 46 


II 27 


37 


12 


8 


17 13 


22 18 


4 9 30 


19 22 


2-6 


23 33 


7 27 


15 17 


Mar. 2 


13 56 40 


II 20 


37 


10 


9 


15 14 


20 19 


4 9 38 


19 24 


2-6 


21 35 


5 29 


13 19 


Apr. I 


13 53 


II 


3-8 


8 


5 


13 12 


18 19 


4 II 50 


19 32 


2-6 


19 39 


3 33 


II 23 


May I 


13 48 12 


10 33 


3-8 


6 





II 10 


16 20 


4 15 37 


19 42 


2*5 


17 44 


I 39 


9 30 


31 


13 44 6 


10 II 


37 


3 


55 


9 7 


14 19 


4 20 12 


19 54 


2*5 


15 50 


23 42 


7 38 


June 30 


13 42 10 


10 I 


3-6 


I 


55 


7 8 


12 21 


4 24 43 


20 5 


2*5 


13 55 


21 48 


5 45 


July 30 


>3 43 7 


10 8 


3-6 


23 


55 


5 II 


10 23 


4 28 19 


20 12 


2-6 


12 


19 54 


3 52 


Aug. 29 


'3 46 5» 


10 30 


3-5 


22 


3 


3 17 


X 27 


4 30 16 


20 15 


2-6 


10 3 


17 58 


I 57 


Sept. 28 


13 52 45 


11 3 


3*5 


20 


14 


I 25 


6 32 


4 30 11 


20 13 


2-6 


8 6 


16 


23 54 


Oct. 28 


13 59 47 


11 42 


3-4 


18 


26 


23 30 


4 38 


4 28 10 


20 7 


27 


6 7 


14 


21 53 


Nov. 27 


14 6 45 


12 19 


3-4 


16 


39 


21 39 


* 43 


4 24 53 


20 


27 


4 5 


II 58 


19 51 


Dec. 27 


14 12 19 


12 48 S. 


3*5 


14 49 


19 46 


47 


4 21 28 


19 52 N. 


27 


2 5 


9 57 


17 49 



Conjunction. 
d h 

Jupiter Feb. 13 2 

Saturn Sept. 13 i 

TJranui Oct. 24 23 

Neptune May 27 16 



Opposition, 
d h 
Sept. 511 
Mar. 4 3 
Apr. 19 6 
Nov. 29 1 5 



Quadrature. 

d h d h 


Stationary, 
d h 


d 


h 


June 7 5 ; Dec. i 10 


July 7 22 ; Nov. 


3 


11 


May 3123; Dec. 21 1 1 
Jan. 21 3 ; July 19 22 
Feb. 22 10 ; Sept. i 8 


May 12 21 

Feb. 4 7 ; July 

Feb. 13 2; Sept. 


5 
II 


15 
20 





Ceres. 






Pallas. 




1891. 


R.A. 


Deo. 


Transits. 


1891. 


R.A. 

h m 


Dec. 


Transits. 




h m 


J 


. h m 




/ 


h m 


June 23 ... 


22 35*7 


20 40 S. 


16 28 


May 30 ... 


20 19*6 


18 2N. 


15 46 


JuJy 17... 


22 344 


22 50 


14 52 


June 23 ... 


20 10*4 


19 33 


14 2 


Aug. 10... 


22 20*4 


25 39 


13 3 


July 17 ... 


19 529 


18 58 


12 10 


Sept 3 ... 


22 Q-I 


27 44 


II 8 


Aug. 10 ... 


19 34*8 


15 58 


10 18 


27... 


21 452 


28 6 


9 19 


Sept. 3 ... 


19 240 


II 27 


8 33 


Oct. 21 ... 

1 


21 433 


26 53 S. 


7 43 


27 ... 


19 24*6 


644N. 


6 59 



Opposition : — Ceres, August 18 ; Pallas^ July 25. 



1891.] 



Planets. — Eclipaes. 





Jnno. 






Vesta. 




1891. 


B.A. 


Dec. 


Transits. 


1891. 


B.A. 


Dec. 


Transits. 




h m 


< 


h m 




h m 


J 


h m 


June 23 ... 


21 597 


39 S. 


15 51 


Apr. 24 ... 
May 18 ... 


18 30*2 


17 58 S. 


16 19 


July 17 ... 


21 577 


48 


14 15 


18 34-6 


18 28 


14 48 


Aug. 10 ... 


21 43*4 


i 59 


12 26 


June 11 ... 


18 20*3 


19 48 


12 59 


Sept. 3 ... 


21 245 


6 47 


10 33 


July 5 ... 


17 56-6 


21 38 


II I 


27 ... 


21 14*2 


10 31 


8 48 


29 ... 


17 41-6 


23 20 


9 »a 


Oct 21 ... 


21 19*8 


12 50 S. 


7 20 


Aug. 21 ... 


»7 45'5 


24 43 s. 


7 4* 



Opposition : — Juno, Aug. 17 ; Vesta, June 23. 



ECLIPSES IN 1891. 

I. — A Total Eclipse of the Moon, May 23. 

Partial Eclipse at Greenwich. At Mid-Eclipse the Moon is in the zenith of 
82° E., 20^° S. The first Contact with the shadow occurs at 124° to B. of N. 
point ; last at 90° to W. (for Direct image). At Greenwich the Moon rises at 

d h m 
First Contact with Penumbra ... May 23 3 36*9 
Second „ „ „ „ 9 21-5 

Total from 5** 49^7 to 7^ 8™7. 
Magnitude of Eclipse (Moon's diameter = t) 1*299. 

II. — A71 Annular Eclipse of the Sun, June 6. 

Central only in the extreme N.E. of Asia. Partial Eclipse for N. America 
and N.W. Europe. In the British Isles the Eclipse begins about 5*^ in the 
afternoon and lasts till afler 6^. 

Greenwich M.T. of c^ in R.A. June 6** 4*^ 38" o**2. 
0*8 and (['s R.A. 4^ 57" 37**46. Hourly motions io''-3i and i43*'96. 



h m 
Shadow 4 41 '3 
8 17-1 



N ti 



It 



O's Declination 22 40 47*6 N. 

C 's Declination 22 37 58*0 

©'s Equat. Hor. Parallax o 87 

([ 's Equat. Hor. Parallax 57 32*0 



II 



Hourly motion o 15*4 

Hourly motion 6 36*3 

O'a true Semidiameter . 15 47*5 
<i*8 true Semidiameter . 15 42*2 



d h m o , o , 

Eclipse begins June 6 2 3*4 in Long. 132 33 W., Lat. 25 15N. 

Eclipse ends 6 28*0 17 54 E., 45 50 N. 

III. — A Total Edipse of the Moon, November 15. 

Visible at Greenwich. The first Contact with the Shadow is at 55° to E. of 
N. ; the last at 95° to W. (for Direct image). 

d h m h m 

First Contact with Penumbra ... Nov. 15 9 367 Shadow 10 35*1 
I^st „ „ „ „ ,,15 I- 1 „ 14 27 

Total from 11 •» 37'"*4 to 13** o"-4. 
Magnitude of Eclipse (Moon's diameter =1) 1*386. 

Y^,-^A Partial Eclipse of the Sun, Nov. ^o-Dec. i. 
Inyisible at Greenwich. Visible only in Antarctic Ocean. 

Transit of Mercury. 

There will be a Transit of Mercury on May 9, only just visible at Greenwich, 
Egress occurring 30™ after Sunrise. 

Ingress. d h m s Egress. h m s 

External Contact, May 9 n 53 44; Internal Contact, 16 45 31 
Internal „ „ 11 58 41; External „ 16 50 25 

Sun in Zenith :— Ingress 179® E. ; 18° N. Egress 107° E. ; 18° N. 
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OCCULTATIONS, 1891. (Visible at Greenwich.) 




Jan. 

4 
6 

13 
13 

17 

17 

17 

19 

19 
22 

22 
26 
28 

3' 

Feb. 
I 

12 
12 
12 

»7 

Uar. 

2 

13 
18 

22 

22 

26 

28 

28 

Apr. 

14 
18 

18 

20 

25 
25 

May 

10 

28 

June 

19 

19 
30 



Star. 



CO 



2 Librae ... 
01^ Scorpii.. 
r^ Aquarii . 
r* Aquarii 



5^ Oeti 
k Arietis ... 
B.A.C. 755. 
<!>' Tauri ... 
Neptune ... 
B.A.C. 2154 
<i> Geminor. 
42 Leonis . . . 
V Virginia . 
96 Virginia.' 6^ 



6 

4 
6 

4 

4i 

5i 
6 

6 

• • • 

6 
6 

4i 



/i Libne ... 

29 Ceti 

33 Ceti 

35 Oeti 

121 Tauri . 

B.A.C. 5395 
31 Arietis... 
52 Geminor. 
B.A.C. 3579 
i Leonis ... 
/* Virginis . 
v^ Libraj .. 
v^ Libra: ... 

37 Geminor. 
42 Leonis... 
B.A.C. 3579 
V Virginis. . . 
41 Librae ... 
jc Librae . . . 

121 Tauri.. 
35 Capricor. 

X Librae ... 
B.A.C. 5281 
^ Arietis .. 



6 

H 
6 

6 

6 
6 
6 
6 
6 

5 
6 

5* 

6 
6 
6 

4i 
6 

5 

6 
6 

6 
6 

Si 



IMsap. 



M.T. 



h m 

17 28 

17 20 

6 29 



7 

3 
II 
12 
II 

'5 
3 



28 
29 

5 

2 

44 

»3 

46 



17 25 
15 14 
10 56 

18 56 



13 
6 



59 
8 



7 37 

8 42 

7 2 



13 
8 

9 

5 

7 
10 

II 

1 1 



9 
10 

'4 
6 

8 

10 



5t 
58 
56 
56 

54 
I 

9 

28 



16 

35 
43 

7 

5't 
36 



9 " 

»5 30 



7 
10 

12 



50 
23 

6{ 



P. 



164 

161 

106 

63 

81 

57 
108 

59 
128 

64 

173 
96 

118 

99 



105 
84 

71 
125 

47 

127 
22 
105 
146 
119 
105 

95 
135 

68 
131 

73 
106 

149 
153 



142 
61 



35 

127 

82 



Beap. 


M.T. 


P. 


b m 





18 25 


262 


18 6 


249 


7 II 


196 


8 24:: 


243 


4 33 


215 


12 6 


^59 


12 47 


211 


12 48 


275 


15 50 


ii3 


4 41 


279 


17 39 


2C2 


16 24 


322 


12 7 


296 


20 8 


319 


15 5 


3'5 


7 7 


215 


8 36 


234 


9 10 


184 


8 12 


290 


14 9 


281 


9 34 


299 


II 9 


275 


6 52 


253 


9 14 


292 


11 II 


322 


12 13 


326 


la 37 


285 


10 12 


309 


II 46 


288 


15 25 


335 


7 19 


313 


9 45 


265 


II 35 


263 


9 42 


215 


16 44 


259 


8 I 


19 


II 39 


278 


12 55 


230 



Date. 



Star. 



July 

2 

22 
23 

Ang. 
I 

9 

14 
21 

Sept. 
II 
16 
16 
22 
26 

Oct. 

6 

115 
20 

20 

22 
22 
26 

Nov. 

7 

7 
8 

10 

16 

16 

17 
22 

24 

28 

Dec. 

9 

13 

14 

14 
16 

16 
43 



w* Tauri ... 
B.A.C. 7550 
r^ Aquarii . 



37 Geminor. 
46 Virginis 
26 Opbiuchi 
30 Piscium . 



B.A.C. 5909 
r^ Aquarii . 
T^ Aquarii . 
53 Tauri ... 
\ Oancri ... 



B.A.C. 5109 
30 Piacium . 
99 Tauri ... 
103 Tauri... 

39 Geminor. 

40 Geminor. 
i Jieonis . . . 



u) Sagittarii 
A Sagittarii 
B.A.C. 7237 
r^ Aquarii . 
«* Tauri ... 

r Tauri 

118 Tauri... 
ti Leonis . 
V Virginis 
5 Librae . 



B.A.C. 81.. 

56 Tauri .. 
99 Tauri .. 
103 Tauri... 

39 Geminor. 

40 Geminor. 
46 Virginis. 



^ 



5* 
6 

6 



6 
6 
6 

5 



6 

4 
6 

6 



6 

5 

6 

6 

6^ 
6* 
6 



5 

5 
6 

6 

6i 

4i 
6 

3i 
4i 
6 



6* 

6 

6 

6 




M.T. 



b 

14 

13 

16 



m 

39 

17 
3 



15 35 

9 14 

8 30 

8 6} 



5 
12 



19 
39 



13 42 
10 9 

16 56 



6 27 

5 50 

11 56 
16 54 

12 9 
12 24 
15 48 



5 ai 
7 6 

4 34 

6 31 

9 33 

17 46 

10 37 

9 51* 
14 37 

18 28 



10 46 
18 47t 

8 32 
13 40 

7 42 



P. 



7 
17 



50 
52 



36 

355 

87 

64 
119 

139 
110 



114 

106 

69 

93 
21 



75 
114 

8 

92 

60 

100 
193 



84 

102 

89 

28 

15 
106 

39 
81 

48 

165 



17 

41 

27 

98 

47 

88 

122 



t Star setting. } Star below horizon. 

The angles (P) are reckoned from the true N. point in the direction N., E., 8., W., t. e. from the 

bottom of the Moon's invert^ image towards the right. 



1891.] Occultationa, ii<)\. — Jupiter's Satellites, 1891. 11 

The following "iie:irii|)pro»i;lies "are also given in the' NaiitioJ 
Alnianac,' and are eapeeially iiiteretiting to observers rather South 
and rather North of Greenwich respectively; — 

Xorlk Sear Appi-oaelien. 



Date. 


Star. ■ -Mag- 


G.M.T. 


A:.gle 


Date. 


Star. 


Mug. 


Q.M.T 


A«gl». 


16 

.July 

! iti 
Sfpt. 
'S 


es Virpinis... 6 
/'Virginis...' s 

r'LibT„ ; 5i 

A-iUhrm 6 

/Pisdum ...i sJ 

B.A.C. 7550. 6 

.'T-uri ■■ 6.} 

iiSTaiiri ... 6 


h tn 
,8 59 

12 16 


3' 
30 

'5 

334 

33S 
337 
347 


Oct. 

Not. 

4 

\l 
16 

l>ee. 
. IS 
'7 


.39 T""" -■ 

B.A.C. 5709 ■ 
16 Ophiufibi 
t' Aquarii .. 
S6 Tauri 

XCancri 


Si 

e 

! 
J* 

1* 


S IS 
8 ij 
'9 47 


347 

g 

S 

3x! 

338 

317 

4 









So,it1 


Sm>- 


-■JjoprDoir/iW. 






' Ja.i. 
6 
14 

Feb. 
^ ig 

; M.j 


1 -." Scorpii ,. 
|yCan«i ., 


4* 
*1 


h in 
iS 8 
.5 17 


"5 


Oct. 
'9 

jToy. 
16 

Dec. 


B.A.O. 1141.1 6 
B.A.a3579.; 6 


h til 
IJ s6 


'97 


.B.A.C. 1.54 
iSLibrie ,. 

1 


6i 
5 


M S3 
8 31 


■8s 
109 


FSl^-ri ' 6 

41 Leonis ...| 6 

B.A.O. li+i .1 6 


6 5S 
■9 3^ 


158 












14 




■'" 


2,S 



COXriGURATlONS OF JUPITEB'S SATELLITES 

FOK AN I^TEKTIKG TELESCOPE. 



■^T- ,Si11d- 



1 o^iiaj-co!* 



Jss:, 



+10U 4!Oi#|l|!l04 On. 



'li'Sl 
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JUPITER'S SATELLITES, 1891. 
Phenomena. 



e, Signifies Ec. dis. ; E, Eo. re. ; 0, Occ. die. ; O, Ooc. re. ; U Tr. Ing. ; T, Tr. £gr. 



Ajml, 



d h 
I I 

4 
10 

23 

1 I 

2 

8 
20 
23 

3 4 

9 
18 

20 

4 H 
17 

5 o 

3 
12 

15 

18 

19 
22 

22 

6 9 

12 

17 
22 

7 
9 

3 
6 

13 

16 

I 

4 

5 

9 

9 

13 
22 

I 

7 
II 

20 

22 

16 

19 

3 
6 

14 

17 



7 
8 



10 



II 



12 



m 
37 i- «• 

43 j- O- 

54 ii. ^. 

50 ii. T. 

44 i. t. 

45 iii. e. 
4 i.T. 

36 iii. O. 

6 i. e. 

13 i. O. 
2 5 ii. e. 

ii. O. 
15 i. ^. 

34 i. T. 
34 i. e. 

43 i. O. 
18 ii. jf. 

14 ii. T. 

45 i- ^• 
4 i.T. 

8 iv. t. 

17 iii. ^. 

51 iv. T. 

55 iii. T. 

3 i. e. 

13 i. O. 

44 ii. «. 
24 ii. O. 

15 It 

34 i. T. 
31 i. ^. 

43 i- O. 
41 ii. ^. 
37ii.T. 

45 i- ^• 

4 i.T. 

46 iii. e. 

1 5 iii. E. 
24 iii. 0. 

1 iii. O. 

i. e. 

13 i. O. 

2 ii. tf. 
48 ii.O. 
15 i. t, 

35 i.T. 
28 i. e. 

43 i. O. 

5 ii. t. 

1 ii.T. 

45 i- i- 
4 i.T. 



^^>n7 (con.). 

d h m 

12 23 42 iii. t. 

13 3 19 iii.T. 

10 57 i. e. 
14 13 i. O. 

17 52 iv. e. 

20 20 ii. «. 

22 24 iv. E. 

14 I 12 ii.O. 
3 I iv. 0. 

7 39 iv. O. 
9 15 i. ^. 

11 34 i.T. 

15 5 25 i. e. 

8 43 i. O. 
16 29 ii. t. 
19 24 ii.T. 

16 3 45 i. t. 

6 4 i. T. 

9 46 iii. e. 
13 15 iii. E. 

1 3 49 iii. 0. 
1725 iii. O. 

23 54 i. e. 

17 3 13 i. O. 
9 38 ii. e, 

14 35 ii.O. 
22 15 i. ^. 

18 o 34 i.T. 

18 22 i. e. 

21 43 i. O. 

19 5 52 ii. t. 
8 47 ii.T. 

16 44 i. f. 

19 4 i.T. 

20 4 6 iii. t. 

7 41 iii. T. 

12 51 i. e. 

16 12 i. O. 

22 56 ii. e. 

21 3 58 ii.O. 
II 1 4 i. ^. 

13 34 i.T. 

22 7 1 9 i. «. 
10 42 i. O. 

14 29 iv. t. 

19 3 iv. T. 
19 15 ii. t. 
22 10 ii.T. 

23 5 44 i. t 

8 4 i.T. 
13 46 iii. «. 

17 15 iii. E. 



April (con.). 

d h m 

23 18 II iii. 0. 
21 45 iii. O. 

24 I 48 i. e. 

5 12 i. O. 
12 14 ii. e. 

17 21 ii. O. 

25 o 14 i. t. 
2 33 i.T. 

20 16 i. e. 
23 42 i. O. 

26 8 37 ii. t. 

11 32 ii.T. 

18 43 i. t. 

21 3 i.T. 

27 8 27 iii. t. 

12 I iii. T. 

14 45 i. e. 
18 II i. O. 

28 I 32 ii. e. 

6 43 ii. O. 

13 13 i. ^. 

15 32 i.T. 

29 9 13 i. e. 
12 41 i. O. 

22 o ii. t 

30 o 55 ii.T. 

7 43 i. i- 
10 2 i.T. 

12 3 iv. e. 

16 32 iv. E. 

17 46 iii. «. 

21 15 iii. E. 

22 31 iii. 0. 

23 7 iv. 0. 



May. 



2 4 

3 35 

3 42 
7 10 

14 49 

20 5 

2 12 

4 32 

22 10 

I 40 
II 22 

14 17 
20 42 

23 I 



iii. O. 
iv.O. 
i. e, 
i. O. 
ii. e. 
ii.O. 
i. t. 
i.T. 
i. e. 
i. O. 
ii. t. 
ii.T. 
i. t, 
i.T. 



Map (eon.). 

d h m 

4 12 46 iii. t 
16 19 iii.T. 

16 39 i. e. 

20 9 i. O. 

5 4 7 ii. e. 
9 27 ii. O. 

15 II i. t 

17 31 i.T. 
611 7 i. e. 

14 39 i. O. 

7 o 44 ii. t. 
3 38 ii.T. 
9 41 i. t 

12 o i. T. 

2 1 46 iii. e. 

8 I 14 iii. E. 

2 47 iii. 0. 

5 36 i. e. 

6 19 iii. O. 
9 8 i. O. 

17 25 ii. e. 

22 48 ii. O. 

9 4 10 i. f,. 
6 29 i. T. 

10 20 iv. t. 
14 43 iv. T. 

10 o 4 i. e. 

3 38 i. O. 
14 5 ii. t. 

16 59 ii.T. 
22 40 i. f. 

11 o 59 i.T. 

17 2 iii. t. 

18 33 i. e. 
20 33 iii.T. 
22 7 i. O. 

12 6 43 ii. e. 

12 9 ii. O. 
17 9 i. if. 

19 28 i.T. 

1 3 1 3 I i. e. 
16 36 i. O. 

14 3 26 ii. t. 

6 20 ii. T. 

11 38 i. t. 

13 57 i.T. 

15 I 47 iii. g. 
5 14 iii. E. 

7 2 iii. 0. 

7 30 i. «• 

10 32 iii. O. 

11 6 i. O. 



May (non.). 

d h in 

15 20 o ii. e, 

16 I 29 ii.O. 
6 7 i. L 

8 26 i. T. 

17 I 58 i. e, 

5 35 i- O. 

6 14 IV. e. 

10 40 iv. E. 

16 47 ii. t. 

18 40 iv. 0. 

19 41 11. 1. 
22 57 iv. O. 

18 o 37 i. <. 
2 56 i. T. 

20 27 i. e. 

21 15 iii. t. 

19 o 4 i. O. 
o 44 iii.T. 

9 18 ii. e, 

14 49 ii. O. 
19 6 i. t. 

21 25 i.T. 

20 14 55 i. e. 

18 33 i. O. 

21 6 7 ii. t. 
9 I ii.T. 

13 35 i.t. 

15 54 i.T. 

22 5 47 iii. «. 
9 14 iii. E. 
9 24 i. e. 

11 13 iii. 0. 

13 2 i. O. 

14 41 iii. O. 
2235 ii. e. 

23 4 9 ii. O. 

8 3 i. ^. 

10 22 i.T. 

24 3 52 i e. 

7 V i-O- 

19 28 ii. t. 

22 2 1 ii. T. 

25 2 33 i. t 
4 5' i.T. 

22 21 i. e. 

26 I 24 iii. t. 
2 o i. O. 

4 51 iii.T. 

5 34 iv. t, 

9 45 iv. T. 

11 53 ii. 0. 

17 28 ii. O. 



d 

26 

27 
28 



29 



30 



3* 



h a 
21 
23 1 
16 4 

20 2< 

84 
II 4 

15 

17 

9 
II 

13 

14 

15 
18 

I 

6 

9 

12 

5 

- 9 
22 



3< 

4S 

4J 
i] 

i^ 
5* 

21 

4* 
i< 

4f 

5! 

il 

4* 

2< 



1 c 

4 ^7 
6 46 
o 15 

3 55 

5 as 
8 55 

14 28 

20 4 
22 56 

26 

1 15 

448 

13 33 

17 37 

18 43 

22 24 
II 25 

14 18 
17 25 

19 43 
13 12 

1348 
j6 52 

17 14 

19 25 

22 50 



1891.] 



June (con.). 

d h m 

6 3 45 ii. e. 
9 22 ii. 0. 

II S3 i. ^. 
14 12 iT. 

7 7 40 i. e. 

11 21 i. O. 
% 44. ii. t. 

3 36 ii. T. 
6 12 i ^. 
840LT. 

9 I 9 L «. 

5 49 1. o. 

9 31 iii. t. 

12 56 iii. T. 
17 3 ii. e. 

22 39 ii. O. 
10 50 i. t. 

3 8 i.T. 
io 37 i. e. 

u 18 i. O. 
14 I ii. t. 

16 54 ii. T. 
19 18 i. t. 
ii 37 i. T. 

w 4 iv. t. 

4 2 iv. T. 
ij 6 i. e. 

17 49 iii. e. 

18 46 i. O. 

21 14 iii. E. 

23 25 iii. 0, 
»3 2 49 iii. O. 

6 20 i. e. 
n 55 ii. O. 

13 47 i. t 
16 5 i. T. 

»4 9 34 i. e. 

13 14 i. O. 

^5 3 19 ii. t 

6 12 ii. T. 
8 15 i. t 

i0 33i.T. 
"4 3 i. e. 

7 42 i. O. 
»3 29 iii. t. 
16 52 iii. T. 

19 3* ii. e. 
»7 I II ii.O. 

2 43 i. t 

5 I i.T. 

22 31 i. e. 
^ 2 II i 0. 

16 36 1.. t 
19 a8 ii. T. 
21 II i. t. 
n 29 i. T. 
^17 oi.«. 
>8 38 iv. e. 
*o 39 i. O. 
a» 49 iii. «. 
»» S6 iv. E. 



Jupiter's Satellites, 1891. 



July (con.). 

d h m 

1 5 II o ii. O. 

12 21 i. T. 

13 53 iv. T. 

16 6 8 i. e, 
9 32 i. O. 

17 2 33 ii. t. 

4 30 i- ^• 

5 24 ii. T. 

6 48 i. T. 

18 o 37 i. e. 
3 59 i. O. 

13 52 iii. e. 

17 14 iii. E. 

18 17 iii. 0. 

19 13 ii.E. 

21 35 iii. O. 

22 57 i. t. 

19 o II ii. O. 
1 15 i. T. 

19 5 i. e. 
22 26 i. O. 

20 15 46 ii. t. 

17 24 i. t. 

18 36 ii. T. 
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II 25 iii. T. 
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13 21 ii. O. 

14 9 i. T. 
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20 18 iv. O. 
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6 17 i. t. 

7 48 ii. T. 

8 35 i. T. 

25 2 31 i. e. 

5 47 i. O. 

17 53 iii.«. 

21 14 iii. E. 
21 48 ii. e. 
21 50 iii. 0. 

26 o 44 i. t. 

1 7 iii. O. 

2 31 ii. O. 

3 2 i. T. 
21 o i. e. 

27 o 14 i. O. 

18 9 ii. t, 

19 xo i. t, 
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21 28 i. T. 

28 15 28 i. e, 
18 40 i. 0. 
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24 ii. e. 
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I in. t. 

19 iii. T. 
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6 i. O. 
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32 ii. t. 
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49 ii. O. 
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1 3 52 i. t. 

5 41 ii. t 

6 9 i. T. 
8 31 ii.T. 

2 I 2 i. e. 

3 24 i. O. 

22 17 i. t. 

23 59 ii. e. 

3 o 35 i. T. 
2 56 ii. O. 

4 16 iii. t. 

6 58 iv. t. 

7 35 i"-^- 
10 33 iv. T. 

19 31 i. e. 

21 50 i. O. 

4 16 43 i. t. 

18 48 ii. ^. 

19 X i. T. 
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5 13 58 i- 0- 
16 x6 i. O. 

6x1 9 i. ^. 

13 II ii. o. 

13 27 L T. 

16 3 ii.£. 

17 51 iii. 0. 
SI J7 iii.E. 
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7 53 i. T. 
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21 7 iii. 0. 

14 I 18 iii. E. 
10 8 i. 0. 

12 38 i. E. 

15 7 18 i. 3f. 
9 36 i.T. 
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i.T. 
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i.E. 
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i.t. 


10 iii. e. 
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i.T. 
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Nov. (con.). 


December, 


Dec. (con.). 


Dec. (con.). 




Dec. (con.). 
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d h m 


d h m 


d h m 


d 


h m 


ii. t. 1 22 


13 24 i. E. 


I 6 12 i. 0. 


8 16 53 iii.O. 


16 7 14 i. t. 


23 


21 ii. t. 


ii.T. 


^3 


6 56 i. t. 


9 49 i. E. 


20 21 iii.O. 


9 33 i- T. 




23 53 ii.T. 


\.o. 




9 1 5 i. T. 


12 48 iii. 0. 


22 3 1 iii. e. 


18 17 ii. ^. 


24 


6 34 i. 0. 


LE. 




15 12 ii. 0. 


16 17 iii. 0. 


9 I 34 iii.E. 


21 11 ii. T. 




10 4 i. E. 


i.t. 




20 42 ii.E. 


18 28 iii. e. 


5 17 i. t 


17 4 35 i. 0. 


»5 


3 4a i- ^• 


i.T. 124 


4 17 i. 0. 


21 33 iii. E. 


7 36 i. T. 


8 9 i. E. 




6 I i.T. 


• 11.0. 




7 53 i- E. 


2 3 21 i. t. 


15 37 11. t. 


18 I 44 i. if. 




15 11 ii. 0. 


^ii.E. 




8^ 48 iii.O. 


5 39 i. T. 


18 30 ii. T. 


4 3i:T. 




20 31 ii.E. 


}. if. 0. 




12 16 iii.O. 


12 58 ii. t. 


10 2 38 i. 


12 28 ii. 0. 


26 


I 3 i. 0. 


I lo. 




'14 25 iii. e. 


15 51 ii. T. 


6 13 i. E. 


17 53 ii.E. 




4 33 i- E. 


; iii.o. 




17 31 iii. E. 


3 41 i. 0. 


23 46 i. t. 


23 5 i. 0. 




15 25 iii. ^. 


(lE. 
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I 25 i. ^. 


4 18 i. E. 


II 2 5 i.T. 


19 2 38 i. E. 




18 52 iii.T. 
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20 10 iv. 0. 
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22 12 i. t. 
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10 31 ii.T. 




23 2 i. E. 


11 i. t. 


26 


2 22 i. E. 


12 31 iv. E. 
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22 13 i. T. 
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5 36 iii.E. 


II 32 i.T. 




12 i. E. 


4U0. 
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Satellites I. and II. disappear at eclipse on the p side of the planet until 
fiepiember 4, the distance between each satellite and the planet at disappearance 
being nearly the same till the end of July, when it rapidly decreases. Both 
satellites reo^ppear on the / side after September 4. 

Satellite UI. disappears and reappears p until July 25. The disappearance 
only is seen p from August 9 to 30, and the reappearance only / from August 
30 to October 5 ; from October 12 the satellite disappears and reappears on 
the / side. The eclipses of III. on' August 2 and October 12 are interesting, 
the point of reappearance being very near the intersection with the shadow, so 
that the satellite will disappear again in about 3°^ and 16"^ respectively. 

Satellite IV. both disappears and reappears on the p side until August 9, on 
August 25 the disappearance only is visible /, and on September 11 the 
rw^ppeara;iice only/: from September 28 it disappears and reappears on the 
/nde. 
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January, 
d h 



I 

2 

3 

4 

5 
6 

7 

7 
8 

9 
10 

II 

12 

13 

14 

15 
16 



91 

77 
6-3 
4*9 
3*5 

2*1 

i3'3 

22*0 
20'6 
19*2 

17*9 
165 

151 

137 
12*3 

1 0*9 

9*5 
8-1 

67 

5*3 
4-0 

2-6 

i'3 
23*9 
24 22*5 

25 21*1 

26 197 

27 1 8*4 
17*0 

156 

I4'2 
12*8 



17 
18 

'9 
20 

21 

22 

^3 
a3 



28 
29 
30 

3' 



January. 
d h 

12*8 
21'6 

6-5 

15*4 

o'3 
92 

i8-o 



I 

2 

4 
5 
7 
8 

9 
II 

12 

13 
15 

j6 

'n 

19 

20 

22 

a3 
24 
26 
27 

28 

30 
3' 



2*9 

11-8 

20*7 

5-6 

H'S 

23'4 

8-3 
171 

2*0 

io'9 

19-8 

47 

135 
22*4 

7*3 

l6*2 



February. I 
d h 
I 11*4 

2 lO'O 

3 8-6 

4 7'i 

5 59 

6 45 

7 3*1 

8 17 

9 o'4 
9 23*0 

10 21*6 

11 20"3 

12 i8'9 

13 '7*5 

14 16*1 

15 H7 

16 13-4 

17 I2-I 

18 107 

9*3 



SATELLITES OF SATURN. 

East Elongations. 

Mimas. 

April, 
d h 
20*4 



*9 
20 

21 

22 

»3 
24 

as 



7-9 
65 
5 I 

37 
2-4 

I'O 



25 23'6 

26 22*2 

27 20*8 

28 19*4 



March. 

d h 

i8-o 

16-6 

15-2 

139 

12*5 

in 

97 



I 

2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 

13 
H 



8-3 
7-0 

5-6 

4a 
2-8 

1*4 
o*o 



14 22'6 

15 21*2 

*9*9 
18*5 

171 

iS-8 

20 14-4 

21 13*0 
11*6 

IO*2 

8*8 



16 

17 
18 

19 



22 

^3 
24 

25 

26 

27 
28 
29 

30 



TS 
6-1 

47 

3*3 
19 

0-5 



30 23*1 

31 21*8 



February. 


M 


d h 


d 


2 I'l 


I 


3 lo'o 


2 


4 1 8*9 


4 


6 38 


5 


7 "7 


6 


8 215 


8 


10 64 


9 


II 15-3 


II 


13 02 


12 


14 91 


13 


15 180 


15 


17 2-9 


16 


18 11*8 


17 


19 20'6 


19 


21 5*5 


20 


22 144 


22 


23 23-3 


23 


25 8-2 


24 


»6 17*0 


26 


28 1*9 


27 




28 




30 


1 


3' 



10-8 

197 

4-6 

i3'5 

22*4 
7*2 

161 
I'O 

9*9 
i8-8 

37 

12*6 
21*4 

6'3 
15-2 

0*1 

9"0 
17-9 

27 
11-6 

20*5 

5*4 
'4J 



I 

2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 

13 
14 
15 
15 237 

16 22*3 

17 20-9 
19*6 
l8-2 

i6-8 

15-4 
i4'o 

12-6 

11*3 
9.9 



19*0 
17*6 
1 6*3 
149 

'3*5 

I2"I 
107 

9*4 
8-0 

6-6 

3-8 
2-4 

I'O 



18 
19 

20 

21 
22 
23 
24 

25 
26 

27 
28 

29 
30 



8-5 

7*1 

57 

4*4 
3-0 



Enceladus, 

April. 
d h 



I 

3 
4 
6 

7 
8 

10 

II 

12 

14 
15 
17 
18 

19 
21 

22 

23 

25 
26 

28 

29 

30 



23-2 
8-1 

i6*9 
1-8 

107 

196 

45 

134 
22-3 

7-1 

i6-o 

o*9 

9-8 

187 

3-6 

12*5 
21*3 

6-2 

151 

O'O 

8-9 



May. 
d h 
1-6 

0'2 
22-8 
21*4 
20'O 
187 

I7'3 
159 

9 '3*1 

10 117 

11 10-3 
9-0 



I 

2 
2 

3 

4 

5 
6 

7 
8 



12 

13 

14 

15 
16 

17 
18 

18 



7-6 
6-2 
4-8 

3*5 

2'I 

07 

23*3 

19 21*9 

20 20'6 

21 19*2 
17-8 
16*4 
15*0 

137 
12*3 

io*9 

9*5 
8-2 

6-8 
5*4 



22 

23 

24 

25 
26 

27 
28 

29 

30 
31 



May. 
d h 



June, 
d h 

1 4-0 

2 2-6 

3 «-3 

3 23-9 

4 225 
21*1 
197 
1 8*4 
17*0 

9 15*6 

10 I4'2 

11 12*8 
11*4 

I O'O 



5 

6 

7 
8 



12 

13 



November. 
16 2 1 '4 

17 20'0 

18 i8'6 

19 172 

20 i5'9 

21 14-5 
131 
117 
io'3 

8-9 



Decembei:. 
d h 
I o'6 

1 23'2 

2 21*9 

3 20-5 

4 191 

5 '77 

6 16 3 

7 i5'o 

8 1 36 

9 12*2 
10*8 

9*4 
8-1 

67 



10 
II 
12 

13 

14 

15 
16 

17 



5*3 

3*9 

a*5 
I'l 



22 

23 

24 

25 
26 

27 
28 

*9 
30 



7-6 
6-2 
4-8 
3*4 

2'0 



17 237 

18 22*4 
21'0 

i9'6 

l8'2 

i6'8 

»5-5 

24 14*1 

25 127 
ii'3 

I O'O 

8-6 
7 '2 

5-8 
4*4 



'9 

20 

21 

22 
23 



26 

27 
28 

29 

30 

3' 
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Satellites of Saturn, 1891 



[No. 170. 



East Elongations. 

Tethts. 



, January. 


February. 


March. 


April. 


May. 


June. 


December. 


d h 


d h 


d h 


d h 


d h 


d h 


d h 


I 17-8 


2 19*8 


I 6'o 


2 8-0 


2 12*8 


I 17-5 


I 22-4 


3 150 


4 17*1 


3 3*3 


4 5*3 


4 io*i 


3 '4-8 


3 197 


5 '2*3 


6 14-4 


5 06 


6 2-6 


6 74 


5 12*1 


5 '7-0 


7 9*6 


8 117 


6 21*9 


7 239 


8 47 


7 9*4 


7 14-3 


9 6-9 


10 9'o 


8 192 


9 21*2 


10 2'0 


9 67 


9 ir6 


II 4'2 


12 6*3 


10 165 


II 185 


II 23-3 


II 4'o 


II 8*9 


13 1-6 


14 3-6 


12 138 


13 158 


13 20"5 


13 1-3 


13 62 


14 22-8 


16 o'9 


14 no 


15 13-1 


15 17-8 




15 3*5 


16 201 


17 22*2 


16 8-3 
18 5-6 


17 IO-4 


17 151 


November. 


17 0-8 


18 17-4 


19 19*5 


19 77 


19 12-4 




18 22*1 


20 147 


21 i6-8 


20 2*9 


21 5*o 


21 97 


18 17*2 


ao 19*4 


22 120 


23 14*0 


22 0'2 


23 2-3 


23 7-0 


20 14-5 


22 167 


24 9*3 


25 11-4 


23 21-5 


24 23-6 


25 4*3 


22 11-8 


24 14 x> 


t6 6-6 


27 87 


25 i8-8 


26 20-9 


27 1*6 


24 92 


26 11*4 


28 3-9 




27 i6-i 


28 l8'2 


28 22*9 


26 6*5 


28 87 


30 1*2 




29 13*4 


30 15-5 


30 20'2 


28 38 


30 ^'0 


31 22-5 




31 107 


DiOJNE. 


• 


30 I'l 




January. 


February. 


March. 


April. 


May. 


November. 


December. 


d h 


d h 


d h 


d h 


d h 


d h 


d h 


3 6t 


2 8*4 


I 17*0 


3 12-9 


3 151 


16 19*6 


3 5'6 


5 a3-8 


5 2-0 


4 io'6 


6 6*5 


6 8-8 


19 13-2 


5 232 


8 17-5 


7 197 


7 4'3 


9 0*2 


9 25 


22 6*9 


8 1 6*9 


II in 


10 13-4 


9 220 


II 179 


II 20'I 


25 0-6 


11 io*6 


14 4*8 


13 7-0 


12 15-6 


14 II-5 


14 13-8 


27 i8-2 


14 4*3 


16 22*4 


16 07 


15 93 


17 5*2 


«7 7*4 


30 ii'9 


16 21'9 


19 i6'i 


18 183 


18 29 


19 22'8 


20 I'l 




19 15-6 


22 97 


21 I2*0 


20 20'6 


22 1 6*5 


22 i8'8 




22 9'3 


25 3*4 


24 57 


23 142 


25 IO-2 


25 12-4 




25 30 


27 21*1 


26 23*3 


26 7*9 


28 3-8 


28 61 




27 20-6 


39 H7 




29 16 
31 193 


30 21*5 


30 237 




30 Hi 



January, 
d h 
4 ^8-9 

9 7*3 
13 I9"6 

18 80 

22 20*3 

27 87 

31 211 



February, 
d h 



5 

9 

14 
18 

23 
27 



9*4 
21-8 

lO'I 

225 
io"9 
23-2 



March. 

d h 

4 11*6 

8 23.9 

13 123 

18 07 

22 13*0 

27 1*4 

31 137 



Ehea. 

April, 
d h 



5 

9 

14 
18 

23 
27 



2'I 

i4'5 
2-8 

15-2 

35 
15-9 



May. 
d h 

4*3 
166 



2 

6 

II 

15 
20 



5'o 

17*4 
5-8 

24 18*1 
29 65 



June, 
d h 
18-8 

7*2 
19-6 

7*9 



2 

7 
II 

16 



November. 

26 3*3 
30 15*9 



Decembe 
d h 




Titan. 



January. 
d h 


February, 
d h 


March, 
d h 


April, 
d h 


May. 
d h 


December, 
d h 




I 176 
// j6'9 J 


2 15-6 
18 13-5 


6 10-8 
22 8*2 


7 57 
23 3*5 


9 1*4 
25 O'O 


3 17 
19 i'l 


^ ••... 
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January. 

14 20'0 



Ea4Srt; Elongations. 
Htpbeion. 



''ebruary. 
d h 


March, 
d h 


April, 
d h 


May. 
d h 


June, 
d h 


5 7'3 
26 59 


19 io'4 


9 15-2 

30 207 


22 3-5 


12 12*3 



November, 
d h 
9 i*o 

30 lO'I 



December, 
d h 

21 l8'2 



Iapetus. 

dh dh dh dh dh 

M Conjunction ... Jan. i6 5*1, Apr. 4 23*1, June 23 8*1, Dec. 214*6 

W. Elongation Feb. 4 147, Apr. 23 20*6, July 12 i8*o, Oct. 2 11, Dec. 21 22*6. 

Sup. Conjunction ... Feb. 24 14*3, May 14 17, Aug. 2 ii'i, Oct. 22 20'3, 

KElongation Mar. 17 I'o, June 3237, No?. 12 20*5. 



Apparent Elements of Saturn's Eings. 

Greenwich Position-angle Outer Ring. Latitude above Plane of Ring. 

Mean Noon* of Minor Axis. Maj.Axis. Min. Axis. Earth. Sun. 

_ OS U M o I °'«, 

Jan. o 354 49*3 4**^7 i*5« a 9"o S. 442*20. 

20 354 47' » 43*40 J'^6 227-78. 423-68. 

Rb. 9 354 42'Q 44*39 **36 3 3a S. 4 4-9 8. 

Mw. 1 354 35-2 44*82 2*97 3 4828. 3 46*38. 

, 21 354 i8'3t 44*5« 3*54 4 33*i »• 3*7*7 8. 

ipriiio 35422*0 43*76 3'93 5 9*0 8. 3 9-18. 

30 354 i8*5 4a'5i 4*05 5 a8*2 8. 2 50*58, 

May 20 354 i8-8 4'*o7 3*90 5 26*48. 2 31-88, 

June 9 354 21*4 39*63 3'53 5 6*8 8. 2 13*28. 

29 354 26*7 38*34 3'oo 4 29*78. I 54*6 8. 

^nly 19 354 34*4 37*29 2*37 3 38*58. i 35*9 S. 

%. 8 354440 36-54 »*67 237*28. 117*38. 

28 354 55*1 36-10 o*94 I 29*58. o 5888. 

^ept. 17 355 7*1 36*00 o'2o o 19*6 8. o 40*28. 

Oct. 7 355 19-2 36-23 p-^l 48-4N. 021*78. 

27 355 30*8 3680 i'i8 I 50*2 N. o 3*28. 

^OT. 16 355 41-1 37*70 i'77 2 41*6 N. o 15*3 N. 

*^. 6 35549*0 38*87 2*24 3 i8*4N, o 33*8 N. 

26 355 537 40*25 2-54 3 37*4 N. o 523 N. 

31 355 54*4 40*61 2*58 3 39'^ N. o 56*9^ 

Xhe corrections to reduce to Mr. Marth's Ephemeris will be given in the 
Monthly numbers as soon as possible. 



TABLE OP BESSEL'S MEAN EEFRAOTIONS. 



'.X> 



Mean 
Refraction. 



Z.D. 




Mean 
Refraction. 



Z.D. 



Mean 
Refraction. 



II 



2 
2 

2 
2 
2 

3 
3 
3 
3 
4 



21-9 
29*3 

37*3 
46*1 

55*8 
6-6 

18*6 

32-1 

47*4 
4*9 



Z.D. 






o 

79 
80 

81 

82 

83 
84 



Mean 
Refraction. 



II 



4 

4 

5 

5 
6 

7 
8 

9 



25-0 
48-5 
16-2 

49*3 
29-6 

197 

23*3 

4^'S 



O^ 
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SATELLITES OV UBANUS. 



[No. 



W 




Apparent Orbits of the Satellites of tJranUs, as seeti in an inrerting telesc 

The small circle in the above diagram represents the planet, the arrows 
the direction of motion, and the figures indicate the interral from the 
of last North Elongation. 



North Elongations* 
Abiel* 



January. 


February. 


d h 


d h 


19 13-5 


I 4'o 


22 2*0 


3 16-4 


24 14-5 


6 4*9 


27 3.0 


8 17-4 


29 15*5 


II 5*9 




13 184 




16 6'9 




18 193 




21 yS 




23 20*3 




26 8-8 


1 


28 ai'3 



March. 
d h 
3 9-8 

5 2ai-3 

8 10-8 

10 23-3 

13 117 

0-2 

127 

1*2 

13*7 
2*2 
28 14*6 

31 3*1 



16 
18 
21 
23 
26 



April. 
d h 
15-6 

4*1 
i6-6 

51 

I7'5 

6-0 

18-5 

7-0 

'9*5 
8-0 

27 20'5 

30 9-0 



2 

5 

7 

10 

12 

15 

17 
20 
22 

25 



Ma 
d 



2 

5 

7 
10 



21*5 

9*9 

22*4 

io'9 

12 23*4 

15 11-9 
18 o*4 
20 I2'8. 

i"3 

13-8 

^'3 



23 
28 



30 14 B 



June, 
d h 

3'3 
15-8 

4'3 
i6'8 

177 

6-2 

187 



2 

4 

7 

9 
12 

17 

19 
22 

24 197 
27 8-1 

29 20*6 



7'2 



d 

2 

4 

7 

9 
12 

17 
20 

22 

25 
27 
30 
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Januarj. 


February. 


1 
March. 


U JU.XIJI>XX4JJ. 

April. 


May. 


June. 


July. 


d h 


d h 


d h 


d h 


d h 


d h 


d h 


13 x6-8 


3 lo-i 


4 10-4 


2 io*6 


I 10*8 


3 14-6 


2 149 


17 20*3 


7 13*5 


8 13-8 


6 14*0 


5 H*3 


7 i8-i 


6 18-4 


21 23*8 


II 17*0 


12 17-3 


10 17-5 


9 ^7'S 


II 21*6 


10 21'8 


26 3*2 


15 20-5 


16 20*8 


14 2ro 


13 21*3 


16 I'D 


15 13 


30 67 


20 O'O 


21 0-2 


T9 05 


18 07 


20 4*5 


19 47 




24 3-4 


^5 37 


23 3*9 


22 4*2 


24 8-0 


23 8-2 




28 69 


29 7-2 


27 7-4 
TlTANTA. 


26 77 

30 11*2 


28 11*5 


27 117 
31 14-1 


12 21*9 


8 o'8 


6 3-6 


I 6-5 


6 2*4 


I 52 


6 I'D 


21 14-9 


16 177 


14 20'6 


9 a3*5 


14 19-4 


9 22*2 


14 17-9 


30 7-8 


25 107 


23 135 


18 165 
27 9*5 

Obbron. 


23 12*3 


18 I^-I 

27 8-1 


23 10*9 
32 3-8 


18 8*4 


14 6-7 


13 5-0 


8 34 


6 1-8 


2 0'2 




31 19-6 


27 I7'9 


26 l6*2 


22 14*6 


19 13*0 


15 11-4 

28 22*6 




Position- 


angle and d 


Istanoe of tl 


16 apse of Oberon : — January 17, 9° 


'7» 43"7 


ipril 17, i< 


o°-3, 46"-2 ; 


July 17, i< 


>°-9, 43"-9. 









SATELLITE OF NEPTUNE. 




Apparent Orbit of the Satellite of Neptune, as seen in an inverting telescope. 
The small circle in the above diagram represents the planet, the arrows show the 
direction of motion, and the figures indicate the interval from the time of 
last North-east Elongation. 

North-east Elongations. 



February, 
d h 


March, 
d h 


6 ii'i 


I 23-3 


12 8-1 


7 2o*3 


18 5-2 


13 17*3 


24 2*2 





September.' October. 
" h 

8-5 
5-6 
2-6 

23*6 

207 



d h 

5 *3'3 

II 20*3 

17 17-4 

23 14*4 

29 11-5 



January. 

d i 

2 4*8 

8 1*9 
13 22*9 
19 19-9 

25 J7*o 
31 14-0 

Position-angle and distance of the apee : — January 10, 239°-6, i6"-8 ; No- 



d 

5 
II 

17 
22 
28 



November. 

d h 

177 

14-8 

II-8 

8-9 

5*9 



3 

9 

15 
21 

27 



December, 

d h 

3 3'o 

9 O'O 

14 21'0 

20 1 8* I 

26 15-1 



vember 24, 242 °*9 



i7"*o. 
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The Sun : Physical Observations* [No. 170. 



EPHEMEEIS FOE PHYSICAL OBSEEVATIONS 

OF THE SUN. 



Greenwich Mean Noon. 


Greenwich Mean Noon. 


1891. 




D. 


L. 


1891. 


p- 1 


D. 


L. 




1 
i 1 


i 


i 




1 
1 


4 


i 


Jan. I 


■f I 49 ; 


-3 16 


218 25 


July 5 


- 44 


+ 3 31 


296 33 


6 


- 37 


3 50 


152 34 


10 


+ I 33 


4 2 


230 23 


II 


3 » 


4 41 


86 44 


'5 


3 48 


4 3» 


164 14 


16 


5 24 


4 SI 


20 53 


20 


6 I 


4 59 


98 4 


21 


7 43 


s 19 


3'5 3 


25 


8 10 


5 24 


3' 55 


26 


9 57 


1*1 


249 13 


30 


10 14 


5 47 


325 47 


^, 3' 


la 4 


183 23 


Aug. 4 


12 14 


6 8 


2S9 39 


Feb. 5 


«+ 5 


6»5 


"7 33 


9 


14 7 


6 26 


193 33 


10 


15 58 


6 42 


51 43 


14 


15 55 


6 41 


127 27 


15 


17 43' 


6 55 


345 5» 


»9 


17 35 


. 6 54 


61 42 


ao 


.19 ^9 


7 5 


280 I 


24 


19 8 


. 7 4 


355 18 


45 


26 47 


7 " 


214 10 


29 


20 33 


7 10 


289 15 


Mar^ 2 


24 5 


7 15 


148 18 


Sept. 3 


21 50 


7 14 


223 12 


7 


23 13 


7 15 


82 26 


8 


22 59 


7 15 


157 10 


12 


24 12 


7 " 


16 33 


13 


23 58 


7 12 


91 9 


17 


25 


7 4 


310 39 


18 


24 48 


7 7 


25 8 


22 


25 39 J 


6 55 


244 43 


23 


25 29 


6 58 


319 9 


27 


26 7 


6 42 


178 47 


28 


26 


6 46 


253 10 


Apr. 1 


26 24 


6 26 


112 49 


Oct. 3 


26 20 


6 31 


187 II 


6 


26 30 


6 7 


46 49 


8 


26 29 


6 13 


121 13 


II 


26 25 


5 46 


340 49 


13 


26 28 


5 52 


55 i^ 


16 


26 10 


5 aa 


274 48 


18 


26 15 


5 29 


349 19 


21 


as 43 


4 56 


208 46 


23 


25 5' 


5 3 


283 23 


26 


as S 


4 28 


142 42 


28 


25 IS 


4 35 


217 27 


May I 


24 16 


3 58 


76 38 


Nov. 2 


24 27 


4 4 


151 30 


6 


23 16 


3 26 


10 32 


7 


23 27 


3 3J 


85 35 


II 


22 6 


2 53 


304 25 


12 


22 16 


2 58 


19 40 


16 


20 46 


2 19 


238 17 


17 


20 53 


2 22 


313 45 


21 


19 15 


I 44 


172 8 


22 


19 19 


X 46 


447 51 


26 


17 36 


I 9 


105 59 


27 


17 34 


I 8 


181 57 


3' 


15 48 


-0 33 


39 50 


Dec. 2 


15 40 


+0 30 


116 3 


June 5 


13 52 


+0 4 


333 39 


7 


13 37 


-0 8 


50 10 


10 


II 51 


40 


267 27 


12 


II 26 


47 


344 18 


»5 


9 44 


I 16 


201 16 


17 


9 9 


X 25 


278 46 


20 


7 3^ 


I 51 


'U 5 


22 


6 48 


2 2 


214 34 


25 


5 17 


2 25 


68 54 


27 


4 23 


2 39 


146 44 


30 


- 3 » 


+2 59 


2 43 


32 


+ I 56 


-3 H 


80 50 



The position-angle of the Sun's axis, P, is the position-angle of 
the N. end of the axis from the N. point of the Sun, read in the 
direction N., E., S., W. In computing D (the heliographie lati- 
tude of the centre of the Sun's disk), the inclination of the Sun's 
axis to the ecliptic has been assumed to be 82" 45', and the 
longitude of the ascending node to be 74° 18'. In computing L (the 
heliographie longitude of the centre of the disk), the Sun's period 
of rotation has been assumed to be 25*38 days, and the meridian 
which passed through the ascending node at the epoch 1854*0 has 
lejn tt^en as the zero meridian. 
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. T OaegiopeiiB ., 
. K AndromediE 
. SCuli 

■ U Cmsiopeiie .. 
. nCeph«i 

■ S CoaiiopeiB .. 

. S Puciuu 

. U Pisoium 

. KSculptoKa .. 

. EPiBriiim 

. S ArietiB 

■ B Aristia 

. o Oeti 

. S Peraei 

. BCoti 

. rCeH 

. TArietis 

. Algol 

. RPemei 

. XTiiuri 

. WTaurL 

. RTsuri 

, STauri 

.. RRatiouli ..... 

■. VTauri 

I. ROrionia ..... 

. RLeporis 

;. BAunpa? .... 

I. S Oiionis 

1. UOrioDia 

- ^ Qeminomm.. 
!. V MonoceroliB 
;. TMonocorgtis.. 

,- BLjnria 

i. CGeininoruTii.. 
i. RGeimrorum 
'. R CaniB Min. ,. 
I. L"Pappia .,., 
|. B Canis Maj. . 
). VGeminonim. 
r. U MciHwerotiB . 
:. S Cauis Min. . 
1. T Colli* Min. . 
(. 17 Cania Min. . 
[. S Gpn.inorum. 
i- TGeminormn. 
'. tJ Geminorvim 
I. U PiippiB .... 

). R Cancri 

!. V Cantri 

[. U Cancri 



4 4! 59 
4 S3 » 
4 S* 55 



7 3S " 
7 42 41 
7 4^ 34 



+ 55 
+ 37 JH- 
- 9 S6' 
+ 47 39' 



+ 'S 5: 
+ 9 55' 
+ 9 42' 

+ '7 
+ 7 57' 
-'4 5S' 
+ 53 >r 
- 4, 4-6- 



S Rjdrffi 

THjdrif 

T Cancri 

a Aritiiffi 

RCarini 

B Leo. Min. ... 

ELfonia 

I Cnrini 

V Leonis 

UHjdm 

B UfBffi Mnj. ... 

W Leon in 

RCralaria 

Sr^oniii 

R CoiiiK 

TTirginis 

BCorvi 

T Virginia 

TUrereMaj. .. 

BTirgiflia 

S UreiE Maj. .. 

U Virginia 

W Virginia 

V Virginia 

EHjdriB 

3 Virginia 

WHjdne 

R=VirginiB 

Z Virginia 

X BoQtia 

8BneiiB 

VBoulia 

B Camel (ipardi 

RBoStifl 

UBoiitia 

i Lihroe 

U CoroniE 

SLibrie 

SSerpentiB 

8 CoruQie 

X Librm 

WLib™ 

ULibrff 

Zlibiie 

VCoronte 

B Serpentia 

E" LibriB 

ZSoorpii 

Bllereulia 

X Scorpii 

WScorpii 



i 47 50 

8 50 
S 50 

9 ^7 30 



58 37 



-18 38-6 

- 3 4S-9 
+60 ■ 



- 6 377 
-27 49' I 

- 3 401 



+ 39 54'' 
+ 1S I"" 
.17 jB-S 
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Mean Placet of Variable Start for 189Q (coutinued). 



, W Oubiuobi 

. VOpbiuohi 

. UHemilU... 

. YScorpii .. 

, 'I Opliiuohi... 

. a Onhiui;hi.., 

. WHercuUs... 

. R UraiE Min. 

, K Drapoais 

, 8 Herculia ... 

. R Ophiuchi... 

, UOphiucbi... 

, X Sngiilarli 

. yOpbiuehi.. 

. WSogittorii 

. T Herculia .. 

. YSagittarii,. 

. T Serpontis.. 

. DSaaittoii 

, X Opliiuohi 

. RSouti 

. R AquiliB ... 

. TSagitljiri: 

. R Sogittarii 

. 8 Sa^ttariL... 

. U Aquilffi . . , 

. S Vulpeoulaj 

■ X Cygni 

. SSagitue ... 



i 46 53 
7 1 16 
J 'osS 
' 4= 37 
7 46 +S 
<7 58 ° 
i3 4. 56 
.8 14. s; 
.8 zi .7 
.8 IS ^5 

'« n 7 

■8 4' 37 

iB 46 I 

■S SI 59 

19 1 4 

19 9 53 



->5 SJ'I 
-■6 5S'; 
+ 37 33'! 
+ 71 3°-' 
+66 59': 
■S 7-1 
15 sfil 



19 23 =6 

'9 *3 S3 

19 e,6 10 

■j6 S» 



19 30-: 
■19 

+»7 



t. S Oygni 

). K Capnoorni ,. 

,. 8 AquiliB 

,. WGipriiMpni,. 

I. RS«gilt» 

1- EDBlphini 

t. C Cj-giii 

!■ VCygiii 

j. SPelpbini 

T. X Cjgni 

i. TDelphini 

). V Oaprieocni .. 

1. T Aquarii 

I. T Vulpeoulre .. 

1. YCygni 

J. E VuIpecullB .. 

-^4. VCspHoomi.. 

155. X Cnprioorm .. 

-56. TOepliei. 

57. T OHprioorni .. 

58. Y Capricorni .. 

59- WCjgtii 

60. S Cephei 

6,. UAqimrii 

6i. TPegaei 

63. aOepbei 

64. RLarertiB 

.6;. SAquarii 

166. 8PegBHi 

167. R Aquarii 

"■. VCeLi 

, 3, CaBaiopelie .. 



37 45 
=. 3B I 
39 ; 



20 4fi 48 
10 47 4a 
10 S9 3° 



4-57 40-1 

-'4 357 

4-iS '7-7 

-11 t8'6 

4- 16 ij-fi 

+ 8 4S'4 

4-47 3»-8 

+47 44'9 

4-16 41-6 

+ 3S "* 

'5 S9'9 

-IS 111 

5 333 



.1 36 35 



+44 53° 

+ 78 77 

'7 9> 

+ 57 5>> 
+4' 477 
-10 557 
, -f g 19-0 
-'S S37 
- 9 34'4 
+ 5° ■t6-S 
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VAEIABLES OF SHOET PEEIOD NOT OF THE ALGOL TYPE. 

(The No. after Star's Name refers to Catalogue on pp. 23-24.) 

^'^^.— The times of minima only are given ; the times of maxima may be found by adding the inters 

printed under the name of the star. 



MOSOCEB. ^^. 


W ViEGINIS 75. 


YOPHIUCHIII9. 


T Sagittai 


t. 122. 


TJ Sagittae. I 


(7* «^) 


{continued). 


(7^ 2ii».) 


(I- 19M 


{continued). 


in. 1 Miiy 


Oct 


Apr. 


July 


Oct. 


Feb. 


May 


Aug. 


Feb. 


May 


Aug. 


Aug. 


Sept 





hi d h 


d h 


d h 


d h 


d h 


d h 


d h 


d h 


d h 


d h 


d h 


d h 


d h 


d 


4 14 5 


33 5 


12 23 


8 8 


19 23 


6 I 


19 22 


30 18 


I 18 


16 14 


28 II 


6 II 


15 23 


26 


bi 




30 6 


25 14 




*3 5 






7 13 


22 9 




'3 5 


22 16 




^v 






Nov. 




June 


Sept 


13 7 


28 3 


Sept. 

3 5 
9 


19 23 


29 10 




4 -^"^• 
3 5 


Nov. 
*9 5 


May 
17 12 


Aug. 
II 21 


6 5 
23 12 


Mar. 
12 8 


6 I 
23 4 


16 21 


19 2 

24 20 


June 


26 17 


Oof 


N 

2 


r. I30 5 

4 

r. j &pL 
5/26 5 


Dec 
16 5 


June 

3 19 
21 I 


29 3 

Oct 
2 16 


Deo. 

10 18 
28 I 


29 II 
Apr. 

May 


July 
10 8 
27 II 

Aug. 


Oct. 

4 
21 4 

Nov. 


Mar. 

8 9 
H 3 

19 22 


2 22 

8 16 

14 II 

20 5 

26 


14 18 
20 12 
26 7 

Oct. 


Sept 
2 II 
9 5 


6 4 

12 22 
19 16 


8 

22 
29 






2 18 


13 14 


7 7 


25 16 


July 


2 I 










31 II 


I 18 


7 20 




rEMINOB. 35. 






Apr. 
6 5 


7 13 


13 14 




(5- 9^) 


XSagittae.iiS. 




13 7 
19 I 


19 9 
25 3 




• 


Apr. 


Sept 


(2'» 21^) 




12 


24 20 


30 22 




h 


d h 


d h 




17 18 


30 14 




/3 Lte-s 127 


1 

4 


19 14 
29 17 


29 1 


Feb. 
d h 


May] 
d h 


Aug. 
d h 


WSaQITTAE.120. 


23 13 
29 7 


Aug. 


Nov. 
5 16 


(Max. 3«» 5*. 


8 




Oct. 


6 13 


'5 '7 


21 21 


(3^ o^) 


May 

5 2 


5 9 


II 11 


Secondary Min 


u 


Kay 


9 4 


13 13 
20 14 


22 17 
29 18 


28 21 


Feb. 


May 


Aug. 


" 3 
16 22 


>7 5 
23 


6d ii**. 


'2 


9 21 *7 •» 

20 I ^9 12 


27 14 


Sept. 


d h 


d h 


d h 


10 20 


22 16 28 18 


Mai. s^ i6»».) 


16 


30 4 






13 17 


23 10 


30 4 




Feb. 1 June 


Se 


>9 


^ * Nov. 




June 


4 22 


21 7 


31 I 






^ 1 


^ 1 




r. 
3 


Aug. 
19 10 


8 16 
18 19 
28 23 


Mar. 
6 14 
13 15 


5 18 
12 18 

19 19 


I 

11 22 

18 22 
25 23 


28 21 
Mar. 


June 
7 15 


Sept. 

6 18 
14 9 


USagittae. 124. 

(2- 23^) 


d h 

9 12 

22 10 


5 18 
18 16 


d 

30 


3 


29 14 




20 15 


26 19 




8 12 


15 5 


21 23 






Oi 


6 




Bee. 


27 15 




Oct. 


16 2 


22 20 


29 13 


Feb. 


Apr. 


June 


Mar. 


July 


12 


t 
• 

10 


Sept.^ 9 3 

8 17 19 6 

18 21 29 10 


Apr. 
3 15 


July 

3 19 
10 19 


2 23 

9 ^3 
16 23 

24 


23 16 
31 7 

Apr. 


30 10 

July 
8 


Oct. 

7 3 
14 18 


d h 

5 9 

12 3 

18 20 


d h 

7 2 
13 19 
20 13 


d h 

6 18 

13 12 

20 6 


7 « 

20 6 
Apr. 


I 14 
14 12 
27 10 


as 

N< 




10 16 


17 20 


31 


7 21 


15 H 


22 8 


25 14 


27 7 


27 


^ ^ 


Aug. 


7 


TlEQlWIS 71;. 


17 16 


24 20 


15 11 


^3 5 


29 22 








24 

15 2! 9 8 
28 22 6 


20 




24 16 


31 20 


Nov. 


23 I 
30 16 


30 19 


Nov. 


Mar. 

4 8 
II 2 

17 20 


May 


July 

3 18 
10 12 
17 6 




•■. 1 Feb. 
ibd h 


Mar. 
d h 


May 


Aug. 


7 
14 1 


May 


Aug. 
7 9 


6 12 

H 3 


4 ^ 
10 19 

17 13 


1 
May Sept. 


Di 
3 


• 15 2 21 


9 10 


I 17 


7 21 


21 I 


8 6 


14 23 


21 17 


24 14 


24 7 


24 


10 22 1 4 4 


16 




10 4 


26 17 


8 17 


14 21 


28 I 


15 20 


22 14 


29 7 


31 8 


31 I 


30 18 


23 20 


17 2| 


^9 
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Yabiables op Short Peeiod (continued). 



UAquiljE 133. 

(2d I2»'.) 

Feb. May Sept 
d h d h d h 



14 
21 

28 



I 

2 

3 



Mar. 



7 

21 
28 



4 

5 

5 
6 



Apr. 



4 
II 

25 



7 
8 

8 
9 



May 
2 10 

9 i» 
16 12 



May 


d 


h 


»3 


12 


30 


13 


June 


6 


14 


'3 


15 


20 


16 


27 


16 


July 


4 


17 


II 


18 


18 


19 


*5 


20 


Aug. 


I 


20 


8 


21 


15 


22 


22 


23 


30 






6 

13 
20 

27 



o 
I 

2 

3 



Oct. 

4 4 
n 4 

18 5 

25 6 

Nov. 



I 
8 

15 
22 

29 

Dec. 

6 II 
13 II 



7 
7 
S 

9 
10 



1/ AQFiL-a: 136. 



Feb. 

d b^ 
18 5 
25 9 



(z* 9^) 


Mar. 


d h 


4 13 


II 17 



Mar. 

d h 
18 22 
26 2 



ri AquILE 136 

(continued). 



Apr. 


June 


d h 


d b 


2 6 


27 9 


9 10 
16 15 


July 


23 19 

30 23 


4 13 
II 17 




18 22 


May 


26 2 


8 3 


Aug. 


15 8 
22 12 
29 16 


2 6 

9 10 

16 15 




23 19 


Juue 


30 23 


5 20 


Sept. 


13 1 


7 3 


20 5 


14 8 



Sept. 

d b 
21 

28 

Oct. 



12 
16 



5 20 
13 o 
20 5 
27 9 



Nov. 

3 13 

10 17 

17 22 
25 2 

Dec. 

2 6 

9 10 
16 15 



S Sagitt^ 137. 



Apr. 

d b 

7 13 

15 »3 
24 8 





(3- o^) 


Feb. 


Mar. 


d b 
16 6 


d b 
13 10 


24 16 


21 19 


Mar. 


30 4 


5 I 





SSagitt-e 137 

(continued). 



May 
d b 

2 17 
II 2 
19 II 
27 21 

June 
5 6 

13 15 

22 o 

30 9 

July 
8 18 

17 4 



July 
d b 

as n 



2 


6- 
22 


II 


7 


'9 


16 


28 


2 


Sept. 


5 


II 


13 


20 


22 


5 


30 


14 



Oct 
d b 

8 23 
17 9 
25 18 

Nov. 

3 3 
II 12 

19 21 

28 7 

Dec. 
6 16 

IS > 



X Ctgni 147. 

(6<»2IJ^) 



Mar. 

d b 
14 10 
30 19 

Apr. 
16 5 

May 

2 14 

18 23 

June 

4 « 

20 18 



July 

d h 

7 3 
23 12 

Aug. 

8 21 

2S 7 

Sept 

10 16 
27 I 



Oct. 

d b 
13 10 
29 20 

Nov. 
'S S 

Dec. 

I 14 

17 23 



T VuLPBC. 151. 

June Sept. 
d h d b 



Mar. 
d b 



3 


13 


8 





12 


10 


16 


21 


21 


7 


^S 


18 


30 


4 



Apr. 



3 

8 

12 

16 

21 

25 
30 



IS 
I 

12 

22 

9 

19 
6 



May 

4 16 

9 

13 
18 

22 

26 

31 



3 

13 
o 

10 

21 

7 



4 

9 

13 
18 

22 

26 



18 

4 

IS 
I 

12 

22 



July 

I 9 

5 19 
10 5 
14 16 
19 2 

^3 13 
27 23 



Aug. 
I 
5 



10 
14 
19 

23 
28 



10 

20 

7 

17 

4 

14 
I 



Sept. 

I II 
5 22 

10 

14 



8 
19 



19 

*3 
28 



S 
16 



Oct 



2 

6 

II 

IS 
20 

24 

29 



13 

23 
10 

20 
7 

17 
4 



Nov. 



2 

7 
II 

15 
20 

24 
^9 



14 
I 

II 

21 

8 

18 

5 



Dea 



3 
8 



15 

2 

12 12 
16 23 
21 9 
25 20 
30 6 



s 


Ci 




( 


Jan. 


d 


b 


4 


19 


10 


4 


15 


13 


20 


21 


26 


6 


31 


IS 


Feb. 


6 





II 


9 


16 


17 


22 


2 


27 


II 


Mar. 


4 


20 


10 


4 


IS 


13 


20 


22 


26 


7 


31 


16 


Apr. 


6 





II 


9 


16 


18 


22 


3 


u? 


12 



l«* 15**. 



2 

8 



13 

18 

24 
29 



2 

7 
12 

18 

^3 
28 



Magnetic Elements, Eoyal Obsebvatoet, Gtreenwich. 



Year. Declination. Horizontal force. Dip. 

O i O i 

1879 18 41 west. 0*1803 67 37 observed. 

1889 17 35 „ 0-1821 67 24 „ 

1891 ..... 17 24 „ 0*1825 ^7 *i inferred. 

The horizontal furce is given in C. G-. S. measure. 
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MINIMA OF VAETABLE STAES OF THE ALGOL TYPE. 

(The figures following starts name are the No8. in Catalogue, pp. 23-24.) 



U Cephei 5 *. 

(2** II** 50™.) 



Jan. 
d h 



I 
6 
II 
16 
21 
26 

3» 



m 
8 49 
8 28 
8 8 

7 48 

7 27 

7 7 
6 47 



Feb. 
5 6 26 



10 
20 

as 



6 

5 
5 

5 



6 

46 
26 

5 



March. 



7 
iz 

17 

22 

17 



4 

4 
4 
3 
3 
3 



45 

25 

4 

44 

3 



I 
6 
II 
16 
ai 
a6 



April, 
a 43 



2 
2 
I 
I 
I 



23 

3 
42 

22 

2 



May. 

I o 41 
6 o 21 

II o I 

IS 23 40 

20 23 20 
a$ 23 o 
30 22 40 



June. 
4 22 19 

9 *i 59 
14 21 39 

19 21 18 

24 20 58 

29 20 38 



July. 

d h m 

4 20 17 

9 19 57 
H 19 37 
19 19 17 

24 18 56 
29 18 36 



August. 

18 16 

17 55 
17 35 
17 15 

»6 55 

16 34 



3 
8 

13 

18 

23 

28 



2 

7 
12 

17 
22 

27 



Sept. 

16 14 
'5 54 
15 33 
15 »3 
14 53 
H 33 



2 

7 
12 

17 
22 

27 



Oct. 

14 

13 

13 

13 
12 

12 



12 

5* 
32 

II 

51 
31 



I 
6 
II 
16 
21 
26 



Nov. 

12 
II 
II 
II 



II 

50 

30 
10 



I 
6 
II 
16 
21 
26 

31 



10 50 
10 29 

Dec. 

10 9 

9 49 
9 28 

9 8 
8 48 

8 28 
8 7 



Algol 18*. 

(2** 20^ 49™.) 



m 
II 

49 
26 



Jan. 

d h 

a 13 
8 6 

14 o 

19 18 14 

25 II 42 

31 5 ao 

Feb. 

5 *a 57 
II 16 35 
17 10 13 

43 3 50 
28 21 28 

March. 

6 15 6 
8 43 
2 21 

>9 59 
13 37 



12 

18 

^3 
29 



ApriL 



4 
10 

15 
21 

27 



7 
o 

18 

12 

5 



5* 

30 

7 

45 



July. 



2 
7 

13 
19 
^5 



4 29 
22 6 

'5 44 
9 22 

2 59 



August. 

d h m 
14 15 

7 5* 
I 30 

19 8 

12 46 



5 
II 

17 
22 

28 



Sept. 

3 6 

9 o 
14 17 

20 II 

26 4 



23 
I 

38 
16 

54 



Oct. 



32 

9 

47 

^5 

3 



I 22 

7 16 
13 9 

19 3 
24 21 

30 14 40 

Nov. 

18 
56 

33 
II 

49 



5 8 
II I 
16 19 
22 13 
28 6 



4 

9 

15 
21 

26 



Dec. 

o 
18 
II 

5 
22 



30 20 37 

\ Tauri 20*. 

(3d 22*» 52"'.) 

Jan. March. 



26 

4 
42 

20 

57 



d 

2 
10 

17 



h m 

3 a 

o 47 

22 31 



25 20 15 

Feb. 

2 18 o 

10 15 44 

18 13 29 

26 II 13 



d 
6 

14 

22 
30 



h m 

8 57 
6 42 

4 26 

2 II 



July. 

2 23 3 
10 20 48 
18 18 32 
26 16 17 



X Tauri 20 ♦ 
{contintted). 



August. 

d h m 
14 I 

II 45 
9 30 
7 14 



3 
II 

19 

27 



Sept. 

4 4 59 

12 2 43 

20 o 27 
27 22 12 

Oct. 

5 19 56 

13 17 41 



Oct. 

d h m 
21 IS 25 
29 13 9 



6 
14 

22 
30 



Nov. 

10 54 
8 38 



6 
4 

Dec. 



23 

7 



8 I 51 

15 23 36 

23 21 20 

31 19 s 



E Cakis Maj. 39t. 

[2=2 6 31 J 
Jan. March. 



d 
I 

4 
8 



h 
9 



m 

47 



19 35 

5 22 



II 

15 
18 



9 

57 



15 

o 

10 44 
21 20 31 
2S 6 19 
28 16 6 



Feb. 



I 

4 

7 
II 7 

14 17 



I 53 



II 41 
21 28 



15 

2 

2 SO 
12 37 



18 

21 

24 22 24 

28 8 12 



March. 

3 17 59 
7 3 46 

10 13 34 
13 23 21 



d 

17 



h 
9 



m 
9 



20 18 s5 
24 4 43 

«4 30 
o 



27 
31 



17 



April. 



3 
6 



10 5 

19 5* 
5 39 



15 27 
I 14 



10 

13 

'7 

20 II I 

23 20 48 

27 6 36 

30 16 23 



May. 

4 2 10 

7 II 58 
10 21 45 
14 7 32 
17 20 

3 7 



17 
21 



24 12 54 



* Alternate minima only are given ; the others can be readily found by 
adding the interval under the name of Uie star. 
t Lvery third minimum only. 
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Minima of Variable Stars of the Algol Tyjpe (continued). 



E Canis Maj. 39t 

(continued). 



Sept. 
d h m 

I 12 2 

21 49 

7 36 

17 ^4 

3 " 
12 58 

22 45 

8 33 

18 20 

Oct 



4 
8 

II 

15 

18 

21 

25 
28 



5 
8 

12 

15 

19 
22 

26 

29 



4 7 

13 55 
23 42 

9 *9 

19 17 

5 4 

14 51 
o 38 

10 26 



Nov. 

d h m 
I 20 13 
6 o 

15 48 

1 35 
II 22 

21 10 

6 57 

16 44 

2 31 



5 
8 

12 

15 

18 
22 

^5 
29 



Dec. 



19 
6 



2 12 
5 22 

9 7 53 
12 17 41 
16 3 

13 
23 

8 

18 



19 
22 

26 

29 



28 

15 

3 
50 
37 



S Canobi 52. 



Jan. 
d h m 



4 
13 
^3 



4 40 
18 

56 



16 
3 

Feb. 



1 15 34 
II 3 II 

20 14 49 

March. 

2 2 27 
II 14 5 
21 I 42 
30 13 20 



9 
18 

28 



AprU. 

o 58 

12 36 

o 13 



May. 

7 " 5' 
16 23 29 

26 II 7 



June. 

d h m 
4 22 44 

H 
23 



10 22 
22 o 



7 

17 
26 



Sept. 

19 2 

6 40 

18 17 



6 

15 
*5 



Oct. 

5 

17 

5 

Nov. 



55 

33 
II 



3 
13 

22 



2 
II 
21 

30 



16 48 

4 26 
16 4 

Deo. 

3 42 
15 19 

2 57 
H 35 



8 LiBBiB 88 *. 



(^d ^h jjin 



Jan. 

d h m 
I 14 



30 
12 

55 
38 



6 6 

10 21 

15 13 
20 5 21 

24 21 3 
29 12 46 

Feb. 



3 

7 

12 

17 
21 

26 



4 
20 

II 

3 

^9 
II 



29 
12 

55 
37 
20 

3 



March. 



3 

7 
12 

17 
21 

26 
31 



2 46 
18 28 
10 II 



I 

17 

9 
I 



54 
37 

19 

2 



4 

9 

14 
18 

23 



ApriL 

16 45 
8 28 
o 10 

15 53 
7 36 



27 23 19 

May. 

2 15 I 

7 6 44 
II 22 27 
16 14 10 
21 5 52 
25 21 35 
30 13 18 



June. 

d h m 

5 I 

20 44 

12 26 

4 9 
19 52 

35 



4 
8 

13 
18 

22 

27 



II 



6 
II 
16 

20 

15 
30 



July. 

2 3 17 
19 o 

10 43 
2 26 

18 8 

9 51 
» 34 



August. 



3 
8 



17 
8 



17 

59 

13 o 42 

17 16 25 

22 8 8 
26 23 50 

31 15 33 

Sept. 
5 7 16 

9 " 59 

14 14 41 

19 6 24 

23 22 7 
28 13 50 



2 

7 
12 

16 

21 

26 

30 



Deo. 

17 48 

9 31 
I 14 

16 57 
8 39 
o 22 

16 5 



U COBONiE 89 *. 

(3d loh 5,m ) 



d 

2 

9 
16 

23 
29 



Jan. 

h 
8 

5 

3 
I 

22 



m 
6 

48 

30 

13 

55 



d 

5 
12 

>9 
26 



Feb. 

h m 

20 37 

18 19 

16 I 

13 43 



U COBONiB 89 * 

{continued). 



March. 



d 

5 
12 

19 
26 



h 
II 

9 
6 



m 

25 
8 

50 
3» 



April. 

2 2 14 

8 23 56 

15 21 38 

22 19 20 

29 17 3 
May. 

6 14 45 
13 12 27 
20 10 ^ 

27 7 5« 
June. 



3 
10 

17 
23 



5 33 

3 15 
o 58 

22 40 



30 20 22 



July. 

d h m 

7 18 4 

14 15 46 

21 13 28 

28 II 10 



August. 

8 53 
6 35 

4 17 

' 59 
23 41 



4 
II 
18 

25 
31 



Sept. 



7 


21 23 


H 


19 5 


21 


16 48 


28 


H 30 



Dec. 



6 
13 



15 31 

13 13 
20 10 55 

27 8 38 



TJ OPHnrcHiiiyJ. 

i=o«*2ot 8""! 

2 = 1 16 16 

3 = 2 12 22 

Feb. April. 

d h 
3 



I 

4 

7 

II 



12 
20 

5 
'3 



17 22 
21 6 
24 15 
27 23 



m 

30 
o 

31 

2 

3a 
3 

34 

4 

35 



March. 



3 
6 

10 

13 
16 

20 

23 
26 

30 



8 

16 
I 

9 

18 

2 
II 
19 40 

4 " 



6 

36 
7 

38 
8 

39 
10 



d 

2 

5 

9 
12 



h m 
12 42 
21 12 

5 43 
14 14 

I c 22 44 

IQ 7 15 
22 15 46 

26 o 16 
29 8 47 



May. 



2 
6 

9 
12 

16 
19 



17 
I 

10 

18 

3 
II 



22 20 
26 4 
29 13 



17 
48 

19 
50 
20 

5' 
22 

5* 
23 



* Alternate minima only are given; the others can bo readily found by 
adding the interval under the name of the star. 
t JSveij third minimum only. 
/ Erery fourth minimum only. 
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Minima of Variable Stars of the Algol Type (continued). 



U OPHiiroHi 117 J 
{contimied). 



June. 

d h m 

1 21 54 
5 6 24 
8 14 55 

11 23 26 

15 7 56 
18 16 27 

22 o 58 

25 9 28 

28 17 59 

July. 

2 2 29 

5 II o 

8 19 31 

12 4 I 
15 12 32 
18 21 3 

" 5 33 

25 H 4 
28 22 35 

August. 

I 7 5 
4 15 36 
807 

II 8 37 
14 J7 8 



August. 

d h m 
18 I 39 
21 10 9 
24 18 40 
28 3 II 
31 II 41 

Sept. 

3 20 12 

7 4 43 
10 13 13 

13 21 44 
17 6 15 
20 14 45 
23 23 16 
27 7 46 
30 x6 17 

Oct 

4 o 48 
7 9 19 

10 17 49 

14 2 20 

17 10 50 
20 19 21 

a4 3 5a 
27 12 22 

30 20 53 



Y Ctgni 152 J. 

_- jd tt1» 
= 2 
=4 

Jan. 



{1 = 1^ III* 57™1 
2=2 23 55 V 
3=4 " 5* J 



d h m 

3 H 36 
9 14 26 

15 14 15 
21 14 4 

17 13 53 

Feb. 

2 13 42 

8 13 3^ 

14 13 21 



Feb. 

d h m 
20 13 10 
26 12 59 

March. 

4 12 48 
10 12 38 
16 12 27 
22 12 16 
28 12 5 



Y Ctgiq 152 J 

(continued). 



April. 

d h m 

3 " 54 
9 II 44 

15 II 33 

21 II 22 

27 II II 

May. 

3 II o 

9 10 50 

IS 10 39 
21 10 28 

27 10 17 



June. 



2 
8 

14 
20 

26 



10 6 

9 56 
9 45 
9 34 
9 ^3 

July. 



August. 

d h m 
7 46 
7 35 
7 14 



»9 
*5 
31 



Sept. 



6 

12 

18 
24 

30 



7 14 

7 3 
6 52 

6 41 

6 30 



Oct. 



6 
12 
18 

'14 
30 



6 20 
6 9 

5 58 
5 47 
5 36 



2 
8 

14 

20 

26 



9 12 

9 ^ 

8 51 

8 40 
8 29 



Nov. 



5 

II 

17 

^3 
29 



5 216 
5 »5 
5 4 
4 53 
4 42 



August. 

I 8 18 
788 

13 7 57 



5 
II 

17 
23 

29 



Bee. 

4 

4 
4 
3 
3 



3* 
21 
10 

59 
48 



S Antlije 56 §. 



Jan. 

d h m 

o II 44 

3 17 32 
6 23 20 

10 5 8 

13 10 56 



Jan. 

d h in 
16 16 44 
19 22 32 
23 4 20 
26 10 8 
29 15 56 



S Ant JAM 56 § 
{continued). 



Feb. 

d b m 
I 21 44 

5 3 32 
8 9 20 

II 15 8 

14 20 56 
18 2 44 
21 8 32 
24 14 20 
27 20 8 



March. 

3 I 56 
6 7 44 

9 13 32 
12 19 20 

x6 I 8 

19 6 56 

22 12 44 

25 18 32 

29 o 20 



April. 

I 6 8 
4 11 56 

7 17 44 
10 23 32 

14 5 20 
17 II 8 
20 16 56 
23 22 44 
27 4 32 
30 10 20 



May. 

3 16 8 
6 21 56 

10 3 44 
13 9 32 

16 15 20 

19 21 8 

23 2 56 

26 8 44 

29 14 32 






June. 

d h m 
I 20 20 
528 

8 7 56 
" 13 44 
14 19 32 

18 1 20 
21 7 8 
24 12 56 
27 18 44 



Oct. 

3 o 44 
6 6 32 

9 12 20 

12 18 8 

15 13 56 
19 5 44 
22 II 32 

25 17 20 
28 23 8 



.Nov. 

I 4 56 
4 10 44 
7 16 32 
10 22 20 
14 4 8 
17 9 56 
20 15 44 
23 21 32 
27 3 20 
30 9 8 



Dec. 

3 14 56 
6 20 44 

10 2 32 

13 8 20 

16 14 8 

19 19 56 

23 I 44 
26 7 32 

29 13 20 



X Every fourth minimum only. 

§ Every tenth minimum only, the others may be found by adding the mul- 
tiples of period in the following table : — 



P. 


h m 


P.^ 


d h m 


P. 


d h m 


I 


7 47 


4 


I 7 7 


7 


2 6 28 


2 


15 34 


5 


I 14 54 


8 


2 14 14 


3 


23 20 


6 


I 22 41 


9 


2 IX I ^ 



Variable Start. 



[No. iro. 



MAXIMA AND MINIMA OF TAEIABLE STAE3. 



Xbe 


No. refere to caUlogoc 


onpp 


13- 


24iM,Bignifleemi 




um;m, 


Smxaay. 


Februarj-. 


April, 


June. 


August, 


3.pt^mh.r.| 


d 


So. 


d 


No. 


d 




d Ifo. 


d 


No. 


d 


No. 


' 


,SS 


^5 


[28 >n 

47 M 


" 


'il 


2 iiiM 

J 3Sm 


3 


7M 
'35 M 


^3 


76 M 
60 m 




102 M 


zb 


SsM 




61 M 


>5M 








.2M 


5 


nM 


18 


■59 M 


'? 


rofiM 


37 M 


s 






'54 M 




joM 




loSH 


■9 


129 OT 


5 54M 




65 M 


^5 


,03 M 


7 


60 M 






,32 M 


6 86 M 




.05 M 




J. M 




70 w 


March. 




■S4M 


7 7'M 




.26 ™ 


27 


4. M 


i 


(,6U 


1^ 21 M 




mIm 


9 40 M 




Sill 




.69 m 




23 M 






60 7« 


74 M 




6qM 


18 


113 71, 








78 M 




14, M 




'3 


4. M 


30 


142 ™ 








8.H 




90 M 


Ii fcM 




38 M 


1 




114 w. 


6 


87 M 


14 


160 m 


118 M 




45 M 


October. | 


9 










126M 


,2 IS3 m 


'S 


8 m 


6 


74 ^ 




"sM 




^4M 


^S 


.fijM 


ij 121 ™ 




83 M 








90 ™ 






26 


.28 M 


134 M 


16 


fio m 






•3 


72 M 




36 m 




3=M 


.411SM 


17 


ISJM 






1+ 


144 «i 




60 M 




162 M 


.5 12 m 




47 M 




60 M 




61 m 




.iKM 






SOU 




67 -M 




24 M 


IS 


Si <n 








167 M 


.6 I4i m 




134 M 




;Tm 




95 M 




74 ** 




icBM 


22 60 m 




9M 








76 M 




IJ4 Ml 




116M 




^7M 






i8 


18™ 




.57 M 


Msj. 


24 ,55 M 


*3 






59 M 




60 ™ 


18 


■i,M 


3 >S9 ™, 


1S6M 








ajM 




14SM 








26 7«'» 


14 


84 «> 




»6m 




SsM 




60 m 


8 123M 


17 flt 


'5 


6M 






*3 


S5 ™ 




12 K 


9 34 M 


27 6tU 


.26 


.42 «i 




68 M 


»4 


40™ 






11 60 M 


28 41 M 


i1 


87 M 


13 


62 M 




.S3'" 




S7M 


11 142 9H 


3= 43 M 




ilS m 


24. 


60 m 


iiSM 






13 140 Mi 




29 


44 "' 




63 ™ 


16141 «> 


^S 


79 M 


4 t M 






.68 M 






1 9M 




.09 M 


■i 4SM 


July. 


30 


.21 M 


=5 


jM 


17 14* m 


26 




.6 41 il 


lOiM 




4M 




'34M 


>9 -3411 




84 M 


17 94 M 




1C9M 




10. M 




.7M 


,1 .46 M 


30 


38 M 


,3 50 M 


llsM 






.23 M 












3M 


feptember 




40 m 


Felwuary. 




1!m 


■ 64 M 




93 M 




jB M 


28 


.53 v: 




71 M 


3, 1 80 M 


21 60 m 




I^M 




,^M 


30 


72 M 


4 

7 


.;ii; 


1,53 M 


23 47 M 
59 m 




.l\l 




'3;M 


NoTetiiber. 1 




60 M 


April. 


24 134 71. 




99 M 




95 M 




90 M 




i9ld 


liiii m 


II] M 




.28 m 


3 


129 M 




65 m 




J7 m 




II M 


8M 




66 H 


6 


159 m 




.6.M 




44 M 




92 M 


^S '3^ 




142 m 




.5 m 


3 


SoM 




.oIm 


6 


96 M 


. *=S 




I3M 


7 


.9M 




55 M 




.03 M 




2!M 


i6 10 M 




.02 M 


S 


=9M 




.45 M 




116 M 




•34 M 


27 .21 m 




60 m 


9 


4. m 


4 


.46 M 




IJS m 


7 


73 1^ 


23 87 m 




.46 ™ 




22 M 




142 m 


1] 


4iM 




142 m 


3= .26 «, 


^4 


90 m 


1.2S M 


S 


70 M 




114 m 


9 


is™ 


3. 100 M 




73 M 


11. 60 M 






'7 


.61 M 




82 M 






■ 28 M 


.41.26 M 


7 


49 M 


i3 


60 « 




70 M 


June. 


28 


62 m 






159 M 




39 m 




60 M 


i| 77M 


30 


26 M 


i3 1 Sj w 


8 


iM 




.07 M 




91 M 


41 M 


3" 








4. M 


»3 


8 ffl 




63 M 




..4 J) 




97 M 


a2 


25 M 




47 M 



1891.] 



Double Stars. 
DOUBLE STAES. 



0£4 .. 



Cassiop. 
. 66 PuduiD ., 
IE 73, 36 Andromedn 

1113,41 Cell 

lijg 



i,\Cm 






ii« 



'Tauri 



^t»» 

01 79, ssTauri ... 

Si;s 

0£ 98, ( Orionifl ... 
S71S 



E159. 



LjodU A£ 
C^BtorAB .. 



21173, B Hydras ■- 

23111 

2 i];6, M Leonia .. 



OIii* 

^■!i3, SDrsiB Maj. 
^ ii]6, 1 Leonii 



Oil!? 

11639, 6S Coma.... 
I i6;c, T VirginiH . 
£1687, 35 Corns. ... 
li7tE, ^^ Oomie.... 
^ '757. Pisrai liii. n 
S 176S, 2! Can. Ven. 

E17M 

B1819 

: Cectauri 



+76 10 

+ 53 55 



- > S 

+ 7 S 
-56 45 



+ 5 5^ 
+ ;6 SI 
+ 59 33 



+ 9 3 = 
+ .9 41 
+ i3 .7 



32 
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DovBLE Stabs (continued). 



No. 



55- 
56. 

57- 
58. 

59. 
60. 

61. 

62. 

63. 

64. 
65. 
66. 

67. 
68. 
69. 
70. 

71. 

72. 

73- 

74- 

75- 
76. 

77- 
78. 

79- 
80. 

81. 

82. 

83. 

84. 
85. 
86. 

87. 

88. 

89. 
90. 
91. 
9a. 

93. 
94. 

95- 
96. 

97. 
98. 

99- 



Name of Star. 



S 1865, ^Bootis ... 

2 1876 

2 1888, ^Bootis ... 
/3 239 

i3 119. 

2 i937i n Cor. Bor — 
2 1938, /i^ Bootis... 

02298 

2 1967, y Oor. Bop.... 

02 303 

2 1998, { LibrsB ... 
2 2032, aCoroaad.,. 
2 20^5, X Ophiuchi ... 
2 2084, Z Herculis ... 
2 2107, 167 Heroulis . 
2 2120, 210 Herculis . 
2 2173, 221 Ophiuchi. 

fi ^3^f ^SS Ophiuchi . 

02 338 

2 2262, r Ophiuchi ... 
2 2272, 70 Ophiuchi 

22315 

02 358 

y Corona Australia . , 

i3 248 

Schjellerup 30 , 

02 387 

02 400 

02 406 

jS 151, i3 Delphini ., 
02413, X Cygni .... 

2 2729 

22737, AB 

22758,61 Cygni...., 
02 535, ^ Equulei . 

/3 838 

2 2799 

170 

2 2909, ^ Aquarii.... 

02 489, TT Cephei .... 

i3 8o 

i3 854 

2 3046 

733 

/3281 



R.A. 


Dec. 


\ 


r«- 


Posi- 


Dis- 


1890. 


1890. 


Alo^. 


tion. 


tance. 


h m 


i 









ti 


14 36-2 


+ 14 12 


4 


; 4 


293'4 


0-51 


14 40*8 


- 6 55 


8 


; 8 


251*5 


1-30 


14 46-3 


+ 19 33 


5 


; 7 


246*2 


3-'5 


14 520 


—27 12 


6 


; 6 


1283 


0*96 


H 597 


- 6 35 


8 


; 8i 


306-4 


1*61 


15 i8-8 


+30 42 


6 


; 6 


1860 


0*72 


15 20-4 


-!-37 46 


6i 


; 7i 


97-8 


073 


15 32*5 


+40 13 


7 


; 7i 


143-0 


0*33 


'5 35*o 


+37 


4 


; 7 


126*6 


0*38 


15 56-0 


+ »3 35 


7 . 


; 7i 


137-5 


0-65 


»5 577 


-II 4 


5 


; 5i 


200'4 


1-24 


16 II'O 


+ 34 " 


6 , 


; H 


207-8 


3-83 


16 25*0 


+ 2 13 


4l; 


; si 


42*0 


1*69 


16 37*2 


+ 31 48 


3 i 


; 6i 


65-8 


1*68 


16 47*6 


+28 52 


7 i 


8* 


244-6 


049 


17 o*o 


+28 15 


6 ; 


9 


248-1 


6-09 


17 24*5 


— 58 


6 ; 


; 6 


343*1 


0-84 


17 33*o 


— 25 


7 i 


7 


238-8 


0*40 


17 47*o 


+ 15 21 


6*; 


6i 


21-2 


084 


17 57*1 


- 8 II 


5 i 


6 . 


255*2 


172 


18 00 


+ 2 33 


4 ; 


6 


336-5 


2*01 


18 21*0 


+27 20 


7 ; 


8 


226-5 


0-27 


18 310 


+ 16 50 


6*; 


7 


198-4 


173 


18 590 


-37 H 


5i; 


Si 


188-6 


1-78 


19 12*9 


+22 51 


6 ; 


9 


125*1 


1-70 


19 215 


— 12 22 


8 ; 


; 8 


328*3 ■ 


i*6o 


19 445 


+ 35 2 


7 i 


8 


354-6 


0-55 


20 6-8 


+43 37 


7 ; 


; 8 


1 40- 1 


0*25 


20 16*4 


+45 I 


7 ; 


, 8 


1 08 '9 


o*49 


20 324 


+ 14 13 


3i 


; 5i 


3101 


0*29 


20 43-1 


+36 8 


5 


; 7i 


70-5 


0*66 


20 46*0 


- 6 2 


6i 


; H 


170-5 


o*53 


20 54'o 


+ 3 53 


6 


, 7 


283-5 


0-90 


21 2*0 


+ 38 13 


5 


; 6 


121*2 


20*58 


21 9*0 


+ 9 34 


^i 


; 5 


I93-I 


0*2± 


21 15-3 


H- 2 40 


7i 


; 9i 


95-8 


171 


21 23*3 


+ 10 36 


7 


' Z* 


302*9 


'•35 


22 3'o 


-19 I 


8 


; 8 


6o*4 


1*56 


22 23*2 


— 36 


4 


; 4 


3H-3 
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MEETING OY THE EOYAL ASTRONOMICAL SOCIETY. 

Friday, December 12, 1890. 

Lieut.-Oen. J. F. Tei^nant, C.I.E., R.E., F.R.S., 
President j in the Chair. 

Secretaries : E. B. Knobel and A. M. W. Downing, M.A. 

The Minutes of the previous Meeting were read and confirmed. 

Mr. Downing, Seventy presents have been received since the 
date of the last meeting. The only ones calling for special mention 
are : — Ahmed Moukhtar Pasha, The Reform of the Turkish 
Calendar (in Turkish), presented by Sir J. W. Redhouse; and 
Celestial Photographs (glass positives and paper prints) taken at 
the Sydney Observatory, presented by Mr. H. C. Russell. 

The thanks of the Society were returned to the donors. 

On the motion of Mr. Ranyard, A. Cottam, A. J. Lecky, and 
W. H. Maw were appointed Auditors of Treasurer's Accounts for 
the year 1890. 

Father Gortie read an abstract of his paper on the " Spectra of 
Sun-spots in the region B to D," the observations having been 
taken in the years 1882-89. The spots observed are distributed 
over both the disturbed and quiet periods of solar activity in the 
last cycle. A long table contains a list of nearly 300 lines ob- 
served, a mean widening being deduced for each line in both 
periods. The number of times each line was recorded among the 
more widened or most widened lines is also noted, and a table of 
remarks is appended. The following were among the chief 
results : — With regard to the iron lines the observations show 
that during the disturbed period (1882 to the autumn of 1886) 
they were very rarely entered among the most widened lines, but 
during the quiet period these lines were affected in sun-spots to 
a much greater extent. A curve has been drawn which exhibits 
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these results. On the contrary, some titanium lines, and those 
more particularly which are faintest in the ordinafy spectrum, 
have very frequently been observed among the most widened lines, 
both in ^he disturbed and quiet periods. Calcium is more or less 
steady in all the observations, the njean widening of pure calcium 
lines being low. With regard to lines due to unknown substances, 
by far the majority in this part of the spectrum, the observations 
bring out the following facts : — ^During the maximum, when large 
spots are abundant, many new faint lines make their appear- 
ance; such lines are not characteristic of the disturbed period, 
but have reappeared in the larger spots of the quiet period. 
There are some faint lines among them, lines unrecorded by 
Angstrom, which are constantly widened in all spots large or small 
and of whatever period. Spot-bands, which were observed in 1885 
and t886 on eight occasions, disappeared with the advent of the 
quiet period. Although the " basic " lines, of which eleven ex- 
amples occur in this part of the spectrum, have all appeared among 
the most widened lines at one time or another, yet such appear- 
ances, when contrasted with the whole number of observations, 
have been comparatively rare, but 15 times in a total of 407 obser- 
vations. Several of the lines marked as telluric by Angstrom have 
been seen widened in sun-spots. 

Mr, Maunder. Por some short time I was engaged in a similar 
work in a different part of the spectrum, but only in one of the 
two periods of which Pather Cortie speaks — that of maximum. 
So for as my observations went they quite oon firmed one or tw^o 
of the points which this paper brings out. One of the most 
interesting points is that the bands which are seen in the spot- 
spectra are typical of the maximum period. The bands which I 
saw in the green were very conspicuous in the period just before 
the maximum, and they seemed to get less and less conspicuous 
as the activity of the Sun decreased. Father Cortie found that the 
spot-bands in the red end of the spectrum faded out entirely in 
the minimum period. Mr. Lockyer, at South Kensington, using a 
different part of the spectrum, found that the iron lines were con- 
nected with the sun-spot period, and in ' The Chemistry of the Sun ' 
gives details showing how the number of most widened iron lines 
decreases towards maximum and increases towards minimum. 
Father Cortie's results confirm this, but while Mr. Lockyer found 
that lines of unknown origin vary in a manner almost exactly the 
opposite to the iron lines, — that is to say, as the iron lines deci'ease 
in number, so the lines of unknown origin become more con- 
spicuous, — this is not the case in Father Cortie's observations. If 
the two curves are so exactly opposed to each other as Mr. Lockyer 
finds them, there seems to me a suggestion of some connection 
between the two. Mr. Lockyer also laid considerable stress on 
the fact that all the basic lines in some parts of the spectrum v^ 
much affected. Father Cortie found that though nearly all the 
basic lines in his part of the spectrum were affected at? oi^q tim^ or 
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another, yet out of the vast Dumber of observations (over 400) 
the basic lines were only 15 times widened. These results w^ould 
therefore very largely destroy the effect of Mr. Lockyer's argument 
based upon the fact that the basic lines were so strongly repre- 
sented in spot-spectra. 

Mr. Eanyard. ^ should like to congratulate Father Cortie upon 
the number of general results he seems to have produced. There 
is one point which struck me as curious. He says that some of 
the atmospheric lines are widened. It is rather difficult to judge 
of the widening of lines in a sun-spot as compared with the photo- 
sphere section without getting the actual measurement, because 
there is a great deal in the physiological effect of the brightness of 
the background. This may be seen by dimming any part of the 
spectrum by putting a match in front of the slit. It is very diffi- 
cult to compare the breadth of lines in a comparatively faint spec- 
trum with those in a bright spectrum. With regard to the basic 
lines mentioned, there is a double chance of their widening, since 
they are due to two metals with lines apparently coincident. 

A vote of thanks was accorded to Father Cortie for his paper. 

The President. Mr. Roberts is going to show us some stellar 
photographs with the aid of the limelight and an apparatus which 
we have purchased for the purpose. 

[Mr. Eoberts then exhibited and explained his various photo- 
graphs.] 

The President. I am sure everybody here will join in giving 
most cordial thanks to Mr. Roberts. We have all seen and 
learned something that we did not know before. We also owe a 
vote of thanks to Dr. Spitta for the trouble he has taken in sup- 
plying us with the apparatus by means of which we have been 
able to see these interesting sights. The scientific meeting is how 
adjourned until 9th January, and we will proceed to the special 
meeting, of which notice has been duly given. 



SPECIAL GENERAL MEETING. 

Mr. Downing. The following notice has been sent out to the 
Fellows : " A Special General Meeting will be held on Friday, 
12th December next, at 9 o'clock precisely, after the ordinary 
evening meeting. Business proposition : ' That henceforth for 
the period of one year the meetings of the Society be held at 
4.30 P.M., and that Bye-law 44 be altered accordingly."* 

The President. 1 must ask that strangers and visitors will with- 
draw, as the proceedings are now devoted to the ordinary business 
of the Society. 

Mr, Knohel. I beg to move that the reporters be allowed to 
remain. 

d2 
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Mr. Downing, I beg to second that. 

The motion was carried. 

Mr, Chambers, Mr. President, I have ventured to bring 
forward this motion on the ground of doing the greatest good to 
the greatest number, and I have done so because I think the 
discussion which has already taken place on this subject on former 
occasions somewhat inadequate. Sir Erasmus Ommaney, who 
was to have seconded my motion, is not here, but he has written 
to me to say, '* You may say I am certainly in favour of after- 
noon meetings. In other societies where the change has been 
adopted it has given great satisfaction." When the Society was 
founded in 1820, the common times for dinner were 4 o'clock or 
5 o'clock, and everybody was obliged to sleep in London, because 
there were no facilities for going away at night. Coming down 
to a later period, to 1856, the common times for dinner were 
6, 6.30, or 7, but now we are face to face with a different sort of 
thing. The great extension of railways within London, and the 
development of the London season, have pushed on the ordinary 
dinner hour from 6.30 to 7.30 and 8. I have in my motion put 
down the hour for meeting as 4.30, but, supposing 5 o'clock is 
suggested, I should not wish to stand out, supposing the Society 
is willing to have the meetings at that hour for a year. It would 
enable Fellows living within 100 miles of London to be present 
without sleeping in London. Pive o'clock, or thereabouts, would 
enable Pellows going home from the City or from business 
to attend here and yet get home for a quiet evening. The 
ordinary business of the Fellows of this Society being over by 
5 o'clock, they have with our present hour of meeting no chance 
of dining with friends, and they come here more or less dinnerless. 
Again, in winter there are not the same inducements to spend the 
evening here. -These practical reasons, arising out of the altered 
circumstances of the times in which we live, justify me in asking 
the Society to assent to this change. Wherever this change has 
been adopted in other London societies, it has been appreciated. 
I may mention that the British Astronomical Association has 
adopted the early hour. I will therefore formally propose my 
motion to the meeting. Sir Erasmus Ommaney not being here, I 
must ask some Fellow to be good enough to second it. 

Mr, Knohel, What is your motion ? 

Mr, Chambers, " That henceforth for the period of one year 
the meetings of the Society be held at 4.30 p.m., and that Bye- 
law 44 be altered accordingly." 

Mr, Cushing, In order that this motion may be properly dis- 
cussed I have great pleasure in seconding it. 

Mr. Knobel, I rise to a point of order. I asked Mr. Chambers 
the particulars of his motion, thinking that probably he would 
have seen fit to make some modification. As the motion stands 
at the present time, it is that the Fellows should alter the Bye- 
laws for a limited period — for one year. That is to say, that 
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after one year the Bye-laws should revert to their present 
position. That is a motion that is entirely out of order and 
cannot be put from the Chair. It is impossible to legislate for the 
future. Besides this, the motion amounts practically to the altera- 
tion of a Bye-law at the end of the year without any general 
meeting. I raise that point of order, Sir, for your decision ; but 
it seems to me that the resolution is out of order, and cannot be 
put from the Chair. 

Mr, Freeman. I shall be glad to move an amendment. 

The President, Mr. Knobel's objection is a sound one, as 
there is considerable difficulty in altering a Bye-law for a time. 
I think the best thing to do will be to alter it permanently, but I 
do not think you can alter it temporarily. 

Mr, Freeman, I propose that we strike out the words " for a 
period of one year. As the President has remarked, a general 
meeting is always capable of reversing what a general meeting 
has decided. If a general meeting decides it is not advisable to 
hold afternoon meetings, we can go back to our present condition. 
A Fellow who attends the meetings has the advantage of being 
able to question the authors of the papers, and certain Londoners 
wish to deprive country Fellows of this advantage entirely. [Cries 
of " No ! "] I foimd that the last time the question was discussed, 
the London Fellow was everybody and the country Fellow 
nobody. I cannot afford the expense of coming to these meetings 
regularly. It costs me 25*. to come, and as a country clergyman 
I cannot afford it ; but if we meet at 4.30 it will only cost me los., 
and I may be able to afford that. To come and hear the papers is 
much more instructive than reading any of the admirable reports 
we get. There are demonstrations on the blackboard which the 
reporters cannot take down, and which men coming here can 
appreciate, and these admirable photographs and illustrations 
cannot be repeated in the * Observatory.' This question was first 
started by Mr. Sydney Waters, and has been left to independent 
Fellows to bring forward since then. 

Mr. Stone, I will second the amendment. It appears to me 
simply to be a question of the country members. We want to 
consult the greater convenience of the greater number of members. 
I do not think any quantity of argument would prove whether 
afternoon or the evening is more convenient, but if each member 
will vote straight for his own convenience, probably we shall 
arrive at some decision. 

Mr, Common, There is one point that Mr. Chambers has left 
out. 

The President, Are you speaking to the amendment ? 

Mr, Common, No — to the general question ; but my speech 
will do equally well for the amendment. [Laughter.] The point I 
want to put before the Meeting is this — Mr. Chambers has brought 
forward some arguments for the alteration of the hour, which 
ought not to weigh with astronomers ; but he has omitted this 
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point, that on a fine night we lose the opportunity o£ making 
obsertationis^ 

Mr, Turner, I oppose the amendment for many reasons. I 
agree with Mr. Freeman that there is a distinct advantage in 
attending the Meeting, and I do not think any of us dispute it ; 
but we have to ascertain which of two parties we shall favour. 
No doubt by adopting Mr. Chambers's motion we shall exclude a 
certain number of members from attending regularly who now 
attend, but, at the same time, we admit others who do not attend. 
The only question is which of these parties we shall favour. Now 
the form in which the original motion is cast is superior to that of 
the amendment, as it gives us the opportunity of making the ex- 
periment for a year, which 1 think would be extremely valuable. 

The Preaidenii We cannot alter a bye-law for a limited time. 

The Astronomer Royal. If the original motion is ruled out of 
order the amendment takes its place, and, therefore, we can speak 
on it. 

The President The question is, shall these words bo erased 
from the resolution or not ? 

The Aatronomer Eoyal, If the original resolution is out of 
order, the amendment is out of place. 

Mr, Knohd. The rule is that the Fellows of the Society shall 
give permission for the amendment to be put. 

The Astronomer Boycd. Would it not be better to put it ? 

Mr, Banyard^ I propose that the amendment be not put, 
because, if it be put and carried, the question will be discussed at 
an afternoon meeting, and those who cannot attend an afternoon 
meeting will not be able to come, because our future meetings will 
be in the afternoon. 

Mr, Knobel, If the amendment is carried, we then have a sub- 
stantive motion before us. 

ITie President, The question is, shall the words " for the period 
of one year " be struck out of the motion ? 

The Astronomer Royal, 1 do not think you have to vote on that 
point yet, the question is whether this amendment is to take 
the place of the substantive motion. The substantive motion is 
out of order. What we want to have is something in its place to 
di8cu0». 

M/r, Mitchiner. I beg to submit that the Astronomer Eoyal is 
out of order. If the original resolution is out of order, you cannot 
put an amendment, except to put to the Meeting that the words 
be left out, but no amendment can be put to the resolution so 
long as you rule it is out of order. 

Mr. Chambers, I beg to withdraw the words you have ruled 
out of order. 

The President, Will the seconder agree to that ? 

[Leave was then given to withdraw the words " for the period 
of one year."] 

The Presidents Now we hav-e this iiesolution without the limit. 
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Mr. Turner. I will speak to the original n)otion, the original 
motion without these words in. I would ask you whether I should 
be in order in suggesting that a vote be taken on the question in 
the spirit of the original motion rather than the letter of the 
present one. That is to say that I and a seconder will pledge 
ourselves to raise this question at an annual meeting, where, I 
think, the business of the Society should be properly decided. 
Shall we be in order in giving that pledge before the vote is taken ? 
because I consider that the vote on this occasion, if it is dis- 
tinctly understood that the change is more of an experimental 
nature than a final one, will be given in a very different spirit. 
If it is distinctly understood that the relative advantages are to 
be balanced before the Society is committed as a body to a certain 
course of procedure, the vote will be given in a much more liberal 
spirit. I ask whether I shall be in order in making the suggestion 
that, at the next Annual General Meeting but one, we pledge our- 
selves to raise this question again. 

Mr. Common. 1 will undertake to second Mr. Turner's motion. 

Mr. Knohel. It is impossible to give a pledge of that sort. 
The proposer and seconder may not be here to fulfil their pledges. 

The President. We cannot take it as a definite promise ; still 
it is one of those promises that are given in good faith amongst 
gentlemen, and we can quite understand that the question will be 
revived at thai time one way or another. The resolution before 
the Meeting now is, " That henceforth the Meetings of this Society 
be held at 4.30 p.m., and that Bye-law 44 be altered accordingly." 

Mr. J. G. Petrie. I opposed this resolution on the last occasion 
that it was raised, and, though only a young member, I am inclined 
to oppose it again. I think it is a very dangerous thing to make 
any change in the hour of meeting. I have had experience of 
changing the hour in similar learned societies to oblige country 
members, and the experience has been that they have come up 
once or twice, but after that they have not come any more. The 
feeling of the country members is more a sentimental than a 
practical one, and the attendance at the meetings of learned soci- 
ties in London must always almost entirely depend upon London 
men. I do not say that in any unkind way to debar country 
members coming to London ; but if they are unable to come they 
must be very well pleased to see the printed proceedings and 
content with the honour of belonging to the Society. Mr: Cham- 
bers mentioned the earlier hour which the British Astronomical 
Association has adopted ; but I believe that was done to a large 
extent to oblige the lady members. I would ask you, before you 
change the hour, to be certain that it will do good and that it will 
bring country members here. 

Mr. Waters. Ajs the proposer of this resolution on a former 
occasion, I should like to say, from inquiries I have made amongst 
the members of the Royal Society, that their opinion is that a 
very distinct improvement in the attendance at that Society has 
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occurred since the change of their hour of meeting. Under those 
circumstances I imagine there is no reason why the same thing 
should not happen with us. Moreover, I think there are many 
of the older members of this Society whose presence we should be 
glad to have, but who very often are debarred from coming in the 
evening, whereas they might be more willing to come in the after- 
noon. I beg, therefore, to support the motion. 

Mr, Seward, As a town member I should like to appeal to the 
mover and seconder to alter the hour to 5 o'clock. I am engaged 
in the City, and could get here about a quarter past 5. I have 
my dinner about 6 o'clock, and 1 do not feel inclined to turn out 
at 8 o'clock. I will not move an amendment, but will vote for the 
resolution if 5 o'clock is substituted for 4.30 ; if not, I shall vote 
against the resolution. 

Mr, Knohel, Fellows will doubtless bear in mind the decision 
arrived at by the Council, and remember that the business can be 
properly conducted if this change is made ; but the business of 
the Council generally occupies about two hours, and if we bad 
an ordinary meeting immediately following that, the officers of the 
Society would be engaged for 4^ hours without intermission. It 
is for you to consider whether that would be fair to them or 
whether it would be a tax upon them. I am sure the officers of 
the Society \^ill be found quite equal to any amount of extra 
strain that the Fellows may decide to put upon them. The argu- 
ments which have been brought forward in support of the motion 
seem to me singularly few and weak. Mr. Chambers's principal 
argument is the change in the dinner hour that has taken place 
since 1820. This change was probably due to the fact that when 
the Society was founded men went to business very much earlier 
and finished business very much earlier than they do now. This 
Society is almost a society of amateurs, and in making arrange- 
ments we have to consider how far they will fit in with the 
customs of amateurs. The majority of amateurs are in business ; 
and it is hardly to be supposed that they can attend meetings at 
4.30 without interfering with their business occupation. There is 
another thing which has been of very great value to Fellows which, 
if this motion is carried, will be knocked on the head entirely, and 
that is the very pleasant half or three-quarters of an hour which we 
spend after the Meeting. That feature of our Society which has 
been the means of doing so much for the prosperity of Astronomy 
will be banished altogether. These are some considerations which 
lead me to hope that the resolution will not be passed. 

Mr, Ranyard, I like to go when I can to the Physical Society, 
but my business %ngagements make it often impossible, and if our 
meetings were continued on the second Friday in the month we 
should clash with the Physical Society, and there are a great many 
members of that Society who are members of the R. A. S. 

Mr, Mitchiner, Between 4.30 and 5 o'clock is merely a techni- 
cal distinction of little moment. Above the convenience of the 
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professioDal or amateur astronomers or even of the Council, we 
must consider the interests of the R. A. S., and Mr. Chambers failed 
to convince me of any necessity in the interests of the Society for 
making the change. It is essentially an experiment, and as such 
I think it would prove a mistake. The Eoyal Society stands pre- 
eminently by itself. I apprehend that the same objection whieh 
would appertain to the Geographical or to the R. A. S. would not 
appertain to the Royal Society. 

TTie Astronomer Uoyal. To remove any doubt as to whether 
those who favour a change of hour would like 4.30 or 5 o'clock, 
I move that the words " 5 o'clock '' be substituted in Mr. Cham- 
bers's resolution for " 4.30." I have no very strong feeling on the 
matter, but it strikes me there is one point which ought to be 
borne in mind. Mr. Knobel has enlarged upon the loss we should 
sustain in that social gathering which takes place after the meet- 
ing. In the case of the Royal Society they have a gathering before 
the meeting, and have afternoon tea, and I think that is much 
more in accordance with modern social habits than afternoon tea 
at 10 o'clock at night. 

Mr, Knohel. How will that fall in with the Council Meeting ? 

The Astronomer Royal. The meetings of the Royal Society are 
at 4.30. As a matter of fact, the Royal .Society found it possible 
to hold the Council Meetings and get through a great deal more 
business than our Council does before 4 o'clock, and they are able 
to enjoy social intercourse and discuss scientific questions in the 
half-hour then available, and a great deal of important work is done 
in the progress of science generally. I merely put that before 
the Fellows of this Society as an example. I do not wish to 
say the R. A. S. is exactly the same as the Royal Society, but I 
think Fellows are drawn from substantially the same class. There 
are a great many professional business m^n in the Royal Society 
who cannot come early in the afternoon, but they come to these 
meetings. I merely move the alteration from 4.30 to 5 o'clock, 
in order that Members may express their sense upon the matter in 
case the hour is changed. 

Prof, A, S. ffersckd, 1 think Fellows should remember the 
original aim of the motion, which was to afford facility to Members 
living in the country of attending the meetings of the Society. If 
we are going to adopt the afternoon hour, let it be done fully. 

Mr, LecJcy seconded the alteration from 4.30 to 5 p.m. 

Mr. Chambers, I will withdraw 4.30, because I think 5 o'clock 
will reconcile those who wish for an earlier hour. 

Mr, Bryant, As one to whom the change of hour would make 
very little difference, I would ask would it not be preferable, as on 
a previous occasion, to send reply postcards or single postcards 
to all members asking their opinions ? 

The President, Notice has been given that the proposition 
would be made to-night, and we could not do anything more if we 
sent 50 postcards to each member. 
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Mr. Bryant, But it would allow ettJch Member to vote by post. 

llie Pt-eHcfeni, Wte tried it, artd the result was ehdless coh- 
fusion. I think the simplest v^ Ay will be to put the Astronomer 
Eoyal's motion. 

Mr, Roberts. I know one gentleman who ddes not attfend these 
Mifetings because he could not get home at nigHt: If yoU madfe it 
4.30 he could, but if it was mad(^ 5 o'clock he cbuld I'lOt. 

The voting then took place, when the President declared that 
19 voted for 5 o'clock, And 17 foi?' 4.30. Thfe resolution was then 
amended to 5 o'clock. 

Mr. Knobel, The Resolution is now : — That henceforth the 
Meetings of the Society be held at 5 o'clock p.m., and that Bye-law 
44 be altered accordingly." 

On a vote being taken, 18 voted for and 30 against, and the 
B;e8olution was lost. 

Mr. Chamhers. Now I b^g to demand a poll of the entire body 
of Fellows, and I would suggest that that should be taken by 
postcard. [Cries of " No I" j I would point out that it is the universal 
law of every Company and Society in England, that whenever a 
motion is rejected or carried on a show of hands, the minority are, 
by the common law of England, entitled to demand a poll. 

The President. Not in this Society ; there is nothing in our 
statutes or bye-lawS for such a course; Catt you show me a pre- 
cedent ? 

Mr. Chambers. The common law of England, 700 years old. 

The President. There is no precedent in the Minutes of 
the Society. 

Mr. Rantjard. The bye-laws are directly to the contrary. It is 
said the bye-laws shall not be altered except by vote of General 
Meeting, or Special Meeting duly called. A canvass by postcard 
would not be an alteration of bye-laws in the way proposed by the 
bye-laws of the Society. 

Mr, Chambers. Then, if I am debarred the opportunity of 
learning the wishes of the 500 absent Fellows, I shall take the 
opportunity of re-opening this question at the Annual Meeting 
in February next. 

The following Candidates were proposed for election as Fellows 
of the Society : — 

G, P, B. Halloives^ Surveyor of the Post Office, 77 Lansdowne 
Eoad, Didsbury, Manchester (proposed by E. J. Spitta) ; Shin 
Hirayama^ Astronomer at Tokyo Observatory, Japan (proposed by 
W. H. M. Christie) ; B. J. Pearce, M.A., JD.C.L,, Professor of 
Mathematics in Durham University (proposed by Eev. T. E. 
Espin) ; J. M. Stone, St. John's College, Cambridge (proposed by 
Dr. A. Wrigley). 

Rev, John Mitchell, B.D., 57 Parkgate Eoad, Chester, was duly 
elected a Fellow. 
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The following were balloted for and duly elected Associates : — 

Lewis Boss, Dudley Observatory, Albany, N.Y., U.S.A.; A, 
Cornu, Paris ; G, Souilkirt, Lille. 

The following papers were announced : — 

H, G, Russell. *' Note on Celestial Photographs taken at Sydney 

Observatory." 

FT. F. Denning. " New Nebulae." 

S. W. Burnham. " Note on Hind's Variable Nebula in Taurus." 
A. Marth. "Ephemerides of the Satellites of Saturn, 1890-91." 
J. R. Hind. '* Elements and Ephemeris of Comet Zona." 
Rev. A, L. Gortie. "Observations of Spectra of Sun-spots 

in the Region B to Dat Stonyhurst College Observatory, 1882-89." 

MEETINQ OF THE ASTRONOMICAL SOCIETY 

OF THE PACIFIC. 

November 29, 1890. 

The Meeting was held at 232 Sutter Street, in the Young Men's 
Christian Association Hall, the President, E. S* H olden, in the 
Chair. 

The Minutc^s of the last meeting were approved. 

At the meeting of the Directors 32 new members were elected ; 
the total membership of the Society is now 312. 

The following papers were presented to the meeting : — 

(a) "The Law of the Solar Corona." By Prof. Frank H. 
Bigelow, of the Nautical Almanac Office, Washington, D.C. 

(6) *' Coronal Extension." By C. M. Charroppin, S. J., University 
of St. Louis, Missouri. 

(c) " Observations- and Drawings of Saturn, 1879 to 1889. By 
Prof. Edward S. H olden, Lick Observatory, 

(d) *' The Observatory ot* Swarthmore College." By Miss S. J. 
Cunningham, Director. 

{e) " The Kenwood Physical Observatory (Chicago)/' By Greorge 
E. Hale, Director. 

(/) " Work at the Lick Observatory, 1888 to 1890." By Prof. 
Edward S. Holden, Director. 

{g) " An account of an experiment made to determine whether 
Gravitation Force varies with the Temperature." By A. E. 
Kennelly, of Orange, N. J. 

{h) Index Map of the Moon. By Prof. C. A. Young. 

Prof. Holden gave a popular account of the work of the Lick 
Observatory since the time the Observatory has been in the hands 
of the astronomers. 

The meeting then adjourned. 

It is hoped that the next meeting (January 31st) can be held in 
the Society's rooms in the Californian Academy of Sciences' new 
building, which is not yet completed. 

Chaeles Bueckhalteb, SBCrttarj^. 
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MEETESra OF THE LIVEEPOOL ASTEONOMICAL 

SOCIETY. 

The third ordinary Meeting was held on Monday, December i, at 
half-past seven o'clock, in the Eoyal Institution, Colquitt Street. 

W. B. Hutchinson, Esq., F.E.A.S., President, in the Chair. 

The Eev. Ered. F. Grensted, M.A., gave a lecture on the 
," Airless and Waterless Condition of the Moon," the first part of 
which was illustrated by numerous views exhibited by means of 
the lime-light. Equal areas of the Earth's and Moon's surface 
were shown by means of photographs, of Nasmyth's plaster cast 
of the lunar surface, and of an albo-relievo map of Asia, and the 
striking contrast of their configurations dwelt upon. / 

The Earth's surface being diversified by mountain-ranges and 
river- systems of drainage, exhibiting clearly marks of denudation 
and fluviatile erosion, the mountain upheavals having been subject 
to great lateral pressure. On the Moon's surface, on the other 
hand, there is nothing that really corresponds to our mountain- 
ranges or river-systems, and no evidence of denudation or fluviatile 
erosion, the most superficial investigation of the lunar surface 
pointing in the direction of an airless and waterless condition of 
the Moon throughout its entire history. 

The whole problem finds its solution in the difference of size 
which regulates the rate of cooling, and hence determines chemical 
differentiation — the greater mass retaining free oxygen, which 
forms our water and air, the lesser mass uSing it all up in oxidizing 
its crust, none being left free, and therefore no water and no air 
can be formed, assuming the Moon to be composed of similar 
material and on precisely the same type as the Earth. The Moon 
being, roughly speaking, only one fourth of the Earth's diameter 
and one eightieth of its bulk, it has therefore a very much greater 
surface in proportion to its bulk, and would cool with a corre- 
sponding degree of quickness. By the pressure of gravitation a 
pure metallic nucleus would be formed, possibly of iron, when the 
heat was still above the point of dissociation — that is, the point 
admitting of oxidation ; hence the nucleus would be pure metal 
with an outer crust of oxidized metal, which would form as the 
temperature was reduced and prevent any further oxidation in- 
wards. The Earth having a density of 5^ that of water, while its 
surface rocks only equal atout 2|, must have a nucleus of 7f times 
the density of water, and have an oxidized crust one sixth of its 
radius in depth ; while the Moon having a density of 2>i times that 
of water must be oxidized to nearly a half of its radius from the 
surface and so have used up all its oxygen, so that none is left free 
to form water or air. 

A vote of thanks having been accorded to the lecturer, an inter- 
esting discussion followed. 

Several papers were taken as read and will appear in the third 
number of the JoumaL 
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MEEITING OF THE EOTAL METBOEOLOGHOAL 

SOOIETT. 

At the meeting held on Dee. 17, Mr. E. H. Scott read a paper 
on an interesting lightning-stroke which struck a house near 
Ballyglass, Co. Mayo, on Jan. 5. Considerable damage was done 
to the house, and a remarkable fate overtook a basket of eggs — ; 
the shells were shattered so that they fell off when boiled, leaving 
the inner membrane sound; those at the bottom of the basket 
were " flattened but not broken." 

Mr. A. Brewin related the damage done to his house at 
Twickenham by lightning on Sept. 23. 

Captain Hepworth, in a paper on the Wind Systems between 
the Cape and Australia, recommended mariners to run down their 
longitude between parallels 41 and 42 in winter, and 45 and 46 
in summer. Mr. Mawley stated that the first months of the year 
could not have been more favourable for vegetation, but that July 
and August were quite the reverse. Dr. Doberck sent a paper 
on the climate of Hongkong, 1884-88. 



Bright-Line Stars of the Wolf-Rayet Type ^. 

Theee varieties of gaseous stars can be at once distinguished. 
The first kind are white in colour, and show the bright lines of 
hydrogen and helium independently of variations in their total 
light. The classical examples are y Cassiopeias and j3 LyraB ; but 
Persei, P Cygni, Pleione, 5 and fi Centauri, v Aquarii, and some 
others, belong most likely to the same category. The second in- 
cludes red stars with banded spectra, extensively variable after the 
fashion of Mira and ^ Cygni, and developing bright lines concomi- 
tantly with their luminous accessions. These lines, although 
identical, broadly speaking, with those of the previous variety, 
originate possibly under different conditions. It is at least certain 
that the vivid emissions of Mira have their seat close to the photo- 
sphere ; the stopping-out of the hydrogen H by the widened dark 
H of calcium, teste the Harvard photographs, being so far conclu- 
sive as to the order of atmospheric stratification that the emitting 
hydrogen must lie hehw the absorbing calcium. But there is no 
proof that an analogous state of things prevails in such stars as 
Pleione andy CassiopeiaB. Eather the reverse seems indicated by 
the superposition of thin bright hydrogen lines upon bands both 
diffuse and obscure. 

In bright-line spectra of the third variety, on the other hand, 
the rays of hydrogen and helium occur, either subordinately or 

* "On Wolf and Rayet's Bright-Line Stars in Oygnus." By William Hug- 
gins, D.O.L., LL.D., F.B.S., and Mrs. Huggins. Paper read before the Boyal 
Society, December ii, 1890. 
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not at all. The chemical significance of their main features is un- 
known. Among these a yellow find a hlue hand are especially con- 
spicuous ; and it \^ as to test a supposed coincidence of the latter 
Mdth the hydrocarbon band beginning at X 474, that the investi- 
gation, of which the "results are now before us, was undertaken by 
Dr. and Mrs. Huggins. 

Four stars, all in the constellation Cygnus, were examined by 
them, viz. : — 

B.D. +35° No. 4001 

B.D. +35° No. 4013 

B.D. +36° No. 3956 

B.D. +37° No. 3821 

The first three are the original members of the class, discovered 
by MM. Wolf and Bayet in 1867 ; the peculiar character of the 
fourth waa detected by Dr. Copeland in 1884, and two years later 
photographically by Professor Pickering. It is of seventh, 
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"SAue Bands in Wolf-Kayet stars compared with the adjacent 

Hydrocarbon Band*. 

No. 4013 of 8*5, the two others are of eighth magnitude. The 
spectra of all are iutia^ately relatec}, yet present important differ- 
ences, recorded indeed with his unfailing accuracy by Dr. A^ogel 

* The unfinished shadings in Nos. 5 and 6 represent inability to determine 
with certainty Low far the Hght could be traced ujmards in the sj^ectrum. 
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at Viepua in 1883, but ouly now clearly defined and satisfactorily 
4i?cu8sed. 

' The blue band owns, in noite of the four stars, the character of 
a true fluting; its ^.speot is rather that of a congeries of very close 
bright lines ; and it varies strangely in position. The t\^•o very 
different situations relative to the blue band of the Bunsen flame, 
assigned \o it by Vogel, are shown in Nos. 2 and 3 of the 
accompanying diagram ; they were substantially confirmed by the 
measures i\t Ti^lse IJill, represented iq Nos. 4, Si w^d 6. The 
brilliaut band proved notably more retrangible in the stars 4013 
and 3956 than in 4001, and with the latter the more luminous 
object No. 3821, now for the first time submitted to detailed 
spectroscopic scrutiny, was in this resi)ect found to range (see 
Dij^gram, No. 7). 

The difference is abrupt and evidently systematic ; but a con- 
necting link is perhaps afforded by the singularly wide baud in 
Arg. Oeltzen 17 681, which, according to Vogel, covers the places 
of J)oth the narrower bands ii;i the other allied specimens, rising 
to a maximurp, as our authors remark, at X 466, where the two 
qualities of radiance overlap. Nor is the normal obliteration of 
one of the aiternative bands absolutely complete. In stars fully 
developing the more refrangible, traces of the less refrangible 
member of the pair were perceived by Dr. and Mrs. Huffgins, and 
vice versa, leaving no dou^)t of their close genetic relationship. 
*' If the two bright groups," they add, " differing in position by 
about X '0040, belong to different substances, or, less probably 
perhaps, to different molecular conditions of the same substance, 
it is conceivable that one or other substance, or molecular state, 
may predominate and appear brilliant, according to certain unknown 
conditions which prevail in the stars' atmospheres.'*' The suspicion 
further expressed (though with much reserve) that the two bright 
blue groupings may prove relatively variable, challenges careful 
future verification. 

A glance at the diagram is almost sufficient to dispel the idea 
that carbon can have any share in producing them. Their struc- 
ture and pli^ce in the spectrum are alike inconsistent with the 
identification. In stars 4013 and 3956 "the great body of bright 
radiation " (it is remarked in the paper under disQussion) " lies 
far beyond the ordinary visible limit of the blue carbon-band, and 
no connection whatever with carbon is even suggested." The 
effulgence in the companion-objects, however, culminating in 
brilliancy between X 468 and X 469, considerably overlaps the 
carbon-band ; and it happens that, under certain electrical con- 
ditions, the brightest part of tha latter is shifted from the first 
fluting at X 474 to the third flutiug at X 470, so that the two 
mapcima, such conditions being present, do not lie very far apart. 
But that the disagreement is real and irreconcilable becomes 
obvious from the consideration that the first line in the carbon- 
band retains, even when shorn of its primywy imj)ortance, six- 
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sevenths, and the second line eleven-twelfths, the enhanced 
intensity of the third line; while the stars show absolutely no 
luminosity corresponding to the first, and, if any, a bare trace 
corresponding to the second of these still conspicuous flutings. 
Moreover, the blue carbon-band is one of a series, and the blue 
star-band stands alone. Not only are the green and yellow 
flutings, inseparably associated with the blue in the hydro-carbon- 
spectrum, absent from the stellar spectra, but those occurring in 
the indigo near \ 431 and \ 438 make no appearance in Harvard 

Ehotographs of Wolf-Rayet 4001, distinctly imprinted with the 
ydrogen line at X 434. 
The representation in them of the hydrogen-set, up to and inclu- 
ding Dr. Huggins's a, is complete; yet P, although seen as "tolerably 
bright" by Vogel in 1883, remained imperceptible to our English 
observers in 1890. It showed, nevertheless, brilliantly in 'No, 382 1, 
the spectrum of which was not previously known to include it ; 
the suspicion being hence raised of its variability in these two, as 
in other noted instances. Hydrogen - emissions have been 
recorded in one other star of the Wolf-Eayet type — Lalande 
13412 ; and all three have in common the additional feature of 
displaying their characteristic blue band in the less refrangible of 
its two forms. An opposite correspondence is perhaps indicated 
by the absence of bright hydrogen from stars in which the blue 
band is placed higher up at X 464. Besides the pair in Cygnus, 
Nos. 4013 and 3956, y Argus, Stone 9168 in Scorpio, and two faint 
analogous objects in Argo and Centaur, appear to combine these two 
peculiarities. In one of them (No. 40 1 3) Dr. and Mrs. Huggins were 
just able to perceive, near the place of D3, a faint bright line, 
which will most likely prove identical with the feeblest and least . 
refrangible of those shining in y Argus. Its precise position has 
yet to be determined ; but a genuine coincidence with Dg may b^ 
anticipated from the analogy of nebulae, in the spectra of which 
that enigmatical ray has now an established place. It is true that 
the presence of helium without hydrogen might seem anomalous ; 
yet the appearance of bright sodium (which may be called the 
alternative supposition) would be, in a sidereal object, unpre- 
cedented. Sodium was, at any rate, proved by direct comparison 
at Tulse Hill not to be responsible for a bright line in star 
No. 4013 falling near the green sodium-pair at X 5687 and X 5681. 
"With high dispersion it was resolved into " a short group about 
X 0024 in length of several bright lines close together, and nearly 
equally bright," crossed by the sodium-pair " at about one-fourth 
to one-third of the length of the group from its more refrangible 
end." 

These recent observations of the "Wolf-Eayet stars disprove, it 
may safely be said, conclusively, the admixture of hydro-carbon 
radiations with the remaining elements of their light; on other 
points, neither time nor optical means were available to render 
them exhaustive. We learn, however, that the objects in question 
possess '^a fairly luminous continuous spectrum, which can be 
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traced past the blue band into the violet, apparently as far as 
the eye could be expected to follow it." Although in many parts 
irregularly encroached upon by absorptive, as well as intensified 
by emissive effects, it showed, to the most attentive scrutiny, 
no brightening at the place of the chief nebular ray. Enquiries 
as to the existence of nebulosity about the stars had siniiLarly a 
negative upshot. To the practised eyes of Messrs. Burnbam and 
Barnard, of the Lick Observatory, they seemed quite sharp ; and 
their strong impressions upon a plate exposed by Mr. Eoberts for 
two hours on November ist, 1890, are purely stellar. 

Their nearest analogues are found, nevertheless, in planetary 
nebulsB. The closeness of the affinity has been rendered especially 
manifest through photographs taken in connection with the Draper 
Memorial, of fifteen nebular, and all the stellar spectra of this 
type hitherto discovered. No details of the comparison have yet 
been published ; but it is stated that most of the nebulsB show the 
steUar blue band, and in the approximate position (\ 470) corre- 
sponding, it can be inferred, to their simultaneous display of 
hydrogen-lines. This peculiar quality of radiation, first observed 
in the annular nebula, Gen. Cat. 4964, by Dr. Huggins in 1864*, 
was measured, a few years later, as of A 469 with the Harvard 
CoUege fifteen-inch refractor f, and came out, from Dr. Copeland's 
determination of it in 1880, in the Stephen- Webb Cygnus 
planetary, as of \ 469*4 J. The alternative, more refrangible band 
at \ 464 has so far not been identified in any nebula. Hence 
the three stars Lalande 134 12, Cygnus Nos. 4001 and 3821 
would appear, by the possibly connected circumstances of the low 
position of the typical blue effulgence, and the emergence in their 
spectra of hydrogen-lines, to approach planetary nebulae more 
closely than the other members of their species. The suggested 
inference that the order of resemblance traces a line of slow 
migration, is a plausible conjecture ; but it is nothing more. Facts 
of distribution have to be taken into account. About twenty- 
seven stars of the Wolf-Eayet type are now known § ; they all, 
without exception, occur in the densest parts of the Milky Way. 
But planetary nebulaB, although strongly preferring, are not limited 
to the Milky Way. Nor do these share the remarkable clustering 
tendency of the stars, of which seven are collected in a space of 
about three degrees square in Cygnus, five are similarly grouped in 
Scorpio, and two close pairs are met with respectively near y and 
near ly Argus. This associative tendency sets them in a measure 
apart, and throws them, as it were, off the line of the great high- 
way of development. A. M. Clebkb. 

* Phil. Trans, vol. cliv. p. 440. 

t Harvard * Annals/ vol. xiii. pt. i. pp. 72, 81. 

1 * Copernicus," vol. i. p. 2. 

§ I take this opportunity of rectifying the erroneous classification of 
Muscae as of the Wolf-Bayet type in the Appendix to my recently-published 
book * The System of the Stars.' All that is yet known of the spectrum of 
this star is that it includes a bright F, photographically registered at Chosica. 

TOL, XIV. E 
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TTie Extension of the Corona, and the Details of its 

Structure. 

The communications of Professer Holden in the Publications of 
the A. S. P., May 1890, and of Mr. Taylor in the ' Observatory,' 
Nov. 1890, on the Eclipse operations of this year, involve ma- 
terial of such importance that I venture to make a few suggestions 
bearing upon the subject. Two questions should be kept well 
separated, and these are the photographing the corona in its 
extension and in its structural detail respectively. 

The visible extension depends upon the actinic brightness of the 
corona at the time of the eclipse, and upon the atmospheric con- 
ditions of the station, both of which are variable terms ; but in no 
case can it be assumed that we ever do see the whole extcjit of it, 
if we keep in mind the coronal forces as distinct from certain 
substances that trace the paths of these lines of force. Therefore 
the effort to secure photographs of its actinic waves of light 
has a definite Umitation, that of the faintness of the skylight itself. 
Nor does it seem nearly so important to draw the boundary of 
this nebulous mass, as to photograph the course of the rays through- 
out it. Fortunately the experience of the recent ecKpses shows 
that great Extension is also compatible with admirable details of 
the rays. 

Mr. Taylor's statement lacks definiteness in one vital point, for 
he uses as his central thought the expression, " if the density of 
the negative is any measure of the brightness of the light." It is 
admitted that lights of different intensities, exposed for the same 
time, produce a proportional density-deposit, but if the times of 
exposure vary, the density follows some logarithmic law, the modu- 
lus depending upon the sensitiveness of the plate, in which the pro- 
portionality, holding approximately for 8 or 10 seconds, falls off later, 
so that the fainter light relatively gains upon the other, 'the effect in 
regard to the corona being, that after a certain short exposure the 
skylight begins to fill up the details that ought to be unaffected, 
while the eoctension will not differ much in either case. The rela- 
tion between the variation of density, due to the exposure of the 
same light for different times, lies at the foundation of our further 
progress, and should be solved before the next eclipse. 

Having used the coronas of the Lick Observatory in my 
measurements, and seen the trumpet-shaped equatorial extensions 
in the photographs of January i, 1889, I venture to think that 
the next step is to attempt to account for them, and the following 
suggestion is offered for what it is worth. It seems to be pretty 
clear that the so-called polar rays of the corona mark out the lines 
of force emanating from the Sun, referred to a potential distributed 
as a zonal harmonic. If this is so, there should be in space the 
corresponding equipotential surfaces, that is the surfaces upon 
which the material transported along the stream-lines will tend to 
accumulate. Upon a rather careful comparison of these trumpets 
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shaped lines with a diagram of equipotential surfaces of this kind, 
the resemblance seems to be striking, and any discrepancies may 
be accounted for by the projection of the saucer-shaped surface of 
revolution which the rotation of the equipotential lines would 
produce. The faintness of these curves was such as to preclude 
micrometric measures, and certainly to make fair prints of them 
would be very difficult, so that it vnll be interesting to obtain this 
detail once more at some future eclipse. If this view is correct, 
these lines are not to be regarded as streamers from the equatorial 
regions, but as projected surfaces generated from the potential 
forces. 

There is, however, another way of looking at the general sub- 
ject. Induced by certain motives, it has become customary to 
assume that extreme sensitiveness of the photographic plates is 
most desirable in an eclipse equipment. For some portions of the 
work it must be so, but a doubt may be raised against it when 
detail is to be aimed at. On the rapid plates, the skylight certainly 
has the most of an injurious effect in blurring the details, if the 
exposureTiis prolonged; and furthermore the granulation of the 
gelatine dry film surface is a serious obstacle to any magnification, 
either under the microscope or by enlargement. Long exposures 
on rapid plates, for example in a camera or mirror of say a/f=^, 
with American Seed No. 27, beyond 4 or 5 seconds are a mistake. 
Almost nothing can be gained in the extension, and the details 
are sure to suffer. Some of the old collodion preparations, on the 
other hand, resist this encroachment on the internal structure in 
a wonderful manner, and by relatively lengthening the exposure 
the same extension can be secured as when using gelatine plates. 
Much might be said to enforce this particular suggestion. 

One more point should be carefully considered, and that is the size 
of the picture, or, as it may be specified, the diameter of the disk 
of the Moon on the plate. For any accurate measures a Moon one- 
third of an inch is very small, as the magnification should always 
he under the microscope of the dividing engine, and a picture of 
one and one-fourth inches, such as Prof. Pickering took at Willows, 
Cal., Jan. i, 1889, is much more valuable. The mounting of a field 
apparatus of the required 12 to 15 feet focal length is quoted as 
*n obstacle, but labour and money are not the real questions. 
Our American apparatus at Cape Ledo showed conclusively, so far 
as the mounting goes, that the triangle principle combined with 
a piston of flowing sand is perfectly available for operating even a 
forty-foot telescope, at a very slight expense of skill and money. 
The same plan is amply capable of setting up a telescope of any 
size from 10 to 25 feet focus with all the accuracy needed, and 
probably with as great precision of diurnal motion as any clock- 
work that would be carried to the station. A description of this 
apparatus is given in the government report of our expedition. 

tFnless I am greatly deceived by the results recently obtained in 
^y study of the coronal streamers, it is the details of the structure 

e2 
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of the corona that will be of permanent value in researches relat- 
ing to solar ph78ics, and therefore at least a portion of the pre- 
parations for another eclipse should be turned in this direction. 

Feank H. Bigblow. 



Motions of the Nebulae in the Line of Sight. 

In his very kind review of my paper on the Motions of the 
Planetary NebulflB in the Line of Sight, Mr. Maunder calls atten- 
tion to a number of doubtful but important points, of which recent 
observations enable me to speak with greater certainty now than 
at the time my paper was printed. In October the Orion Nebula 
again came within reach of the great telescope, and I was delighted 
to find that the third line in the third spectrum of the grating was 
sufficiently bright for an accurate comparison with terrestrial 
hydrogen, the probable error of one evening's determination of the 
displacement of the line being only i| miles per second. Such a 
determination consisted of i6 measures, and it was found unprofit- 
able to reduce the probable error by making a greater number than 
this, as for some reason (by no means peculiar to this class of 
observations) the results obtained on different nights differed by 
more than the probable error of a single night's comparison. These 
observations not only give the motion of the Orion nebula by the 
displacement of a known spectral line, but they fix the true position 
of the brightest Une, and hence allow definite numerical values to 
be assigned to the motions of the nebulas included in my former 
list. Writing at such a distance from Mt. Hamilton, it is not 
possible for me to give the exact values obtained, nor, indeed, is it 
desirable, as the observations are not yet completed ; but I may 
state provisionally that the comparisons indicated a motion of re- 
cession of the nebula from the Sun of some 9 or lo miles a second. 
The motion deduced from a comparison of the position of the 
brightest hne with the mean position assumed in my paper on the 
motions of the nebulas agrees fairly with this, the difference being 
in the direction which would result from the situation of the ten 
nebulsB of my list in that quarter of the heavens towards which 
the solar system is known to be moving. In other words, the true 
position of the line, as determined by observations of the Orion 
nebula, is lower in the spectrum than the position previously 
assumed, a fact which Mr. Maunder pointed out as probable. The 
difference of position is not sufficiently great, however, to bring 
the line into coincidence with the terminal line of the magnesium 
fluting at X ^oo6'4^ the interval between the Hues, small as it is, 
being much greater than the error of observation. 

The motion of recession of the Orion nebula indicated by 
these observations may be wholly due to the drift of the solai 
system itself. The 'supposition seems plausible (although certainly 
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no good reason could be given for it) that a nebula of such vast 
extent and extreme tenuity is more likely to be at rest relatively to 
the stars of our system than small, compact nebular masses or 
individual stars. If this is true the Orion nebula gives us a fixed 
reference point, and the ipotion of the solar system deduced from 
measurement of the displacement of lines in its spectrum is that 
which would be determined from observations of all the stars we 
see, the direction of the motion being assumed as known. Allow- 
ing for the distance of the nebula from the point opposite the 
TOrtex of the Sun's motion, the motion of the solar system given 
bjthe observations of the nebula of Orion agrees remarkably with 
tie value assumed by Miss Gierke in her admirable essay on 
ffigel and the Great Nebula in the October number of the 
'Observatory.' 

Mr. Maunder's remarks on the greater brightness of images in 
small telescopes of relatively large aperture, as compared with the 
36-inch refractor, are undoubtedly true, but the visibility of very 
small and faint objects depends so much on the size of the image 
(». «., in the case of a spectral line, its length), as well as on its 
intrinsic brilliancy, that the 3 6 -inch refractor gives a distinct ad- 
vantage in the observation of the planetary nebulsB. Thus, the 
intrinsic brilliancy of the third line in the spectrum of S 6 is 
greater than that of the same line in the spectrum of the nebula 
of Orion, but in the case of 26 the comparisons with H)S were 
much the more difficult. The spectrum of the Orion nebula, how- 
ever, would be more easily observed in a small telescope with the 
nsual ratio of aperture to focal length. 

The brightness of the nebular lines in the third and fourth 
spectra of such a grating as I have used is quite surprising ; and 
although I have not actually made the experiment, it seems to me 
probable that the grating may give a brighter spectrum than -a 
tram of prisms having an equal dispersive power. The other 
advantages of a grating, such as lightness, ease of adjustment, 
^M are too obvious to require mention. 

Dr. Huggins has pointed out that my rather small value of the 
^ave-length of the magnesium fluting (X 5006*36) used for com- 
parison with the brightest nebular line is probably due to the fact 
that my observations refer to the centre of the terminal line, while 
the measures of Watts and others (which give \= 5006*5) refer to 
its less refrangible edge. James E. Kebleb. 

Washington, D.C., Dec. 11, 1890. 



Comet Perihelia. 

^ a communication* to the Vienna Academy of July last 
■^r- Holetschek has returned to the consideration of those con- 

. J^^her den scheinbaren Zusammenbang der heliocentrischen Ferihellange 
»»« der Perihelzeit der Kometen. 
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ditions which increase or diminish the chances of cometary 
discovery, by discussing the connection between the heliocentric 
longitude oi the perihelia of comets and the heliocentric lon- 
gitude of the Earth at the time that the comets pass through 
their respective perihelia. This is a problem that he has pre- 
viously treated in some detail in his paper on the direction 
of the major axes of cometary orbits ; but two causes have con- 
tributed to destroy the accuracy of the conclusions to which that 
discussion led. One is that the solar longitudes were grouped 
roughly in periods of calendar months, and therefore each group 
did not contain an equal arc of longitude. The second is that the 
longitudes of the cometary perihelia were referred to the common 
equinox of 1850, and therefore the effect of precession in the case 
of ancient comets had been neglected. 

These two sources of uncertaintv have induced Dr. Holetschek 
to abandon the method of grouping, and to draw up a table in 
which is exhibited for every known comet (omitting some suggested 
early returns of Halley's comet) the value of the arc 

G-L+i8o°), 

where I and L+ 180° are respectively the heliocentric longitudes 
of the comet's perihelion and that of the Earth. The contention 
is, that since a comet will be at its brightest when its proximity to 
the Earth occurs simultaneously with its approach to the Sun, and 
consequently most favourable for detection and observation, there- 
fore in a majority of instauces this arc (I — L + iSo'^) should be 
small. The case of comets with small perihelion distances {q) is, 
however, peculiar, since these comets cannot be seen at perihelion 
on account of their small elongation, but only as they approach 
to, or recede from, the Sun ; and for those comets in which {q) is 
less than 0*30, the table exhibits the value of (Z— L), which, ac- 
cording to the theory here enunciated, ought also to be a small 
arc. The choice of the limit, 9' < 0*30, corresponding as it does 
approximately with the perihelion of Mercury, is, of course, arbi- 
trarily selected, and may operate adversely to the theory i 1 the 
case of some comets when {q) lies between 0*3 and 0*5, even 
tending to produce a secondary maximum about 180°. 

The study of this table is instructive. It is at once seen that 
the angular distances between the longitude of the Earth and that 
of the perihelia are most frequently less than +60°, and that such 
distances as fall between +120° and +180° occur less frequently 
than between +60° and +120°, and so far support the theory 
which Dr. Holetschek advocates. Another feature is the uni- 
formity with which the elliptic comets off^short period conform to 
the rule. Though these comets appear in the table only at the 
times at which they have been accidentally discovered, yet, on 
account of their elHptic motion, they can present themselves at 
one of their many returns in a favourable position for detection, 
and would therefore unduly tend to swell the number of instances 
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favourable to the hypothesis. These cases of periodical comets 
are therefore separated from the parabolic ia the tabular arrange- 
ment which exhibits the number of comets whose perihelia fall 
within successive elliptic arcs of 30°, with the following result : — 
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It will be noticed that while the comets with perihelion dis- 
tances greater than 0*3 conform to the rule with satisfactory regu- 
larity, in the smaller catalogue of those which can approach very 
closely to the Sun there is a tendency for the perihelia to group 
themselves about the arcs +3o°-6o*^, rather than about the smaller 
angular distances demanded by the rule. This discrepancy Dr. 
Holetschek thinks may be explained by the increased molecular 
action to which such comets are submitted by their close approach 
to the Sun. If this be the true explanation, we should expect to 
Und that the mean perihelion distance of the corners forming the 
second of the groups is decidedly less than in the first group. 
But no attempt has been made by the author to establish this fact. 

Several interesting statistical results are drawn from the figures 
of the general table, but they can only be referred to here very 
briefiy. For instance, it is curious to notice that the positive or 
negative sign before the angle I — Li 180° occurs with compara- 
tively equal frequency, not only in the total number of comets, 
but when grouped in shorter periods. 
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No conclusion can be drawn from these figures as to whether 
comets are more frequently seen in the morning or the evening 
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shy, but it sbowe tlmt the perihelion points, reduced to the ecliptic, 
lie, with equal frequency, in advance of and behind the Earth. 

Each of these smaller groupa is discussed in itd beaHng on the 
main question as to the frequency with which the arc (l—li^iSo"} 
occurs as a small angle, and the saiae law, which obtains lor the 
whole catalogue of comets, holda in the snialler groups. But if 
the group 1865-1860 be separated into two, that between 1865- 
1880, including 31 comete, offersan unexpected result by deviating 
from the general rule. Some ingenuity is eihibited to explain 
this abnormal deviation, such as the frequent occurrence in that 
period of comets with large inclinations. But such suggestions 
only shift the difficulty, without explaining it. No physical cause 
can be assigned why comets with orbits greatly inclined to the 
ecliptic shoidd be more frequently met with at one period than at 
another. W. E. PLtrMMEE. 



The Proper Motion of S 547. 
It now appears beyond question that the change in this pair of 
small titars is due t« proper motion. I have lately made a set of 
measures with the large refractor, which, in connection with the 




earlier observations, gives with substantial accuracy the value and 
direction of the movement. The following are the complete 
observations of this pair ; — 
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1831-39 344°-3 4"-2S 8-5 ii'S 23*1. 

1877*99 9*8 2*31 .. .. (i 3^' 

1879*05 14*0 2 '26 9*o 12*2 /3 4«. 

i88o'6o 16 •! 2 '19 9*o 11*7 /3 S**» 

1890*82 28*5 2 'oi 8*5 9*7 fi 3^. 

I do not find any record of this pair having been seen between 
1831 and 1877, although it was looked for by Dembowskiin 1865, 
and by me, with the 6-inch instrument, a number of times 
previous to the date of my first measures with the i8|-inch. It 
should not be difficult with a small aperture if the foregoing 
magnitudes are correct. Yariability of the smaller star has been 
suggested as an explanation of the failures to see it, but the proof 
on this point is not satisfactory. It is a small star, with other 
and brighter stars near it, and might have escaped examination 
when looked for. Argelander gave the magnitude of the larger 
star as 9*2, while Lamont called it 10, 

The accompanying diagram shows the relative positions of the 
two stars from the measures given above. Froui this it appears 
that the apparent motion of the star is o"'052 annually, in the 
direction of i37°*8. It is of course impossible to say from the 
measures to which component this proper motion belongs, but 
probably to the larger, which would then be moving in the 
direction of 3i7°'8. The minimum distance between the stars 
of I "'9 will be reached in 1903. S. W. Buenham. 



Selenographical Notes. 

ViETA. — This beautiful object, the third in the fine chain of ring- 
plains which, beginning with Mersenius and ending with Piazzi, ex- 
tends from the eastern border of the Mare Humorum to the region 
west of Bouvard, were it not much foreshortened by its position 
near the limb, would exceed in interest most other formations of its 
type and size. Even under the most adverse conditions of libra- 
tion it will be found well worthv of examination under a low Sun, 
both on account of the remarkable character of the walls which 
surround it and the variety of detail in its neighbourhood ; while 
when placed at its best, the carious and, as yet, doubtful nature of 
many of the features in the interior render it a specially interesting 
object for scrutiny. The most suitable time for observing Vieta 
under morning illumination is when the east long, of the termi- 
nator is about 65°. The greater part of the floor is then in sun- 
shine, and 'there is still sufficient shadow associated with many 
objects upon it to render them tolerably conspicuous. At a some- 
what earlier stage the prominent shadows of peaks e and h (see 
Neison, map xv.) on the lofty west wall, the first nearly 11,000 
and the last more than 14,500 above the interior, are very note- 
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worthy, but, of course, obscure many features on. the. floor. The 
shape qf Vietay like that of many other lunar formations, resembles 
an irregular hexagon, with long and nearly straight sides on the 
west and east, and with two much shorter sides on the south and 
north. The north-east and north-west sides are. about equal in 
length and are slightly convex outwards, while the south-west side 
bends inwards and the south-east side is nearly straight. South 
of the lofty peak c and north of the still more towering height 5, 
the wall diminishes very suddenly in altitude, and both on the 
south and north exhibits many breaks, being traversed in several 
places by narrow passes running down to the floor from the plain 
outside. On a low section of the south-western border stands a 
large deep crater, which is at least double the size shown by 
Madler and Schmidt. Careful drawings of t^is part of the forma- 
tion under various solar altitudes would be valuable, as there 
appear to be indications of the wall having been considerably 
modified by the presence of the crater. The detail on the floor of 
Vieta is somewhat puzzling to make out at the best of times, and 
this possibly accounts for notable discrepancies in published draw- 
ings and descriptions. Neison speaks of a " moderately-sized 
central peak with a small hill on each side and a craterlet on the 
east." Madler shows two hills with a crater on the east in a line 
with them. Schmidt draws eight craters ot* various diniensions, 
hut all of a small type, standing on and amid hills on the northern 
half of the interior, and a ridge on the southern section, which 
apparently does not answer to either of the three rills [S. 257, 258, 
259] discovered by him in 1854, and depicted in Neison's ' Moon,' 
map XV., only one of which I have hitherto detected. 

November 12, 1883, 8** 30" to 9*^ o™, and November 4, 1890, 
8^ to 9\ were two occasions on which I obtained especially favour- 
able views of the formation. On the first, seven craters were 
easily visible on the northern quarter of the floor. Five of these 
were in a row, corresponding in position with Madler's two hills 
and a crater. The tlurd in the row, counting from the west wall, 
appeared to consist of two inosculating craters. The two remain- 
ing craters were at some distance to the north of the row and were 
much smaller. On the second occasion (last month), though defi- 
tion was good and the same instrument and powers (280 and 340, 
on a 8^ S. O. G.) were used, I could, with aU care, detect only 
the most easterly and westerly craters of the row, with an inter- 
mediate hill (? Madler's central mountain a) and a third smaller 
crater north of these, about midway between the west and the 
east walls, and another low hill east of this. The two craters per- 
taining to the row were filled with shadow, and certainly seemed 
to be larger and more distinct than anything of the kind noted on 
the floor during the previous observation. A considerable differ- 
ence in the condition of libration on the two occasions may possi- 
bly account for the fact that a greater number of craters were 
revealed on November 12, 1883, than on November 4, 1890, though 
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the illumination was practically the same on both nights, but it 
does not explain why there should be any difference in the apparent 
size and distinctness of the two end craters of the row. With so 
many strange instances of discordance as regards observations of 
detail made under similar conditions, it seems to me that the only 
way of accounting for them is on the supposition of the existence 
of some obscuring vapour which occasionally either veils rills, 
small craters, &c, &c., from view altogether, or interferes con- 
siderably witli their visibility. Vieta A and B, two notable twin 
ring-plains on the east of Vieta, were close to the terminator at 
8*^ on November 4, 1890. On the wall common to both stands a 
bright crater, shown only by Schmidt, and there appeared to be a 
break south of this on the same wall which seems to represent a 
second crater. There is a curious straight ridge running in a 
northerly direction from the north side of B, parallel to the east 
border of Vieta, and terminating in a small crater, which latter is 
connected by a doubtful narrow .dark. line (? cleft) with a large, irre- 
gularly-shaped depression under, the north-east wall of Vieta, and 
can be traced down its inner slope. This region will repay careful 
examination, as it abounds in unrecorded detail, and includes some 
clefts not catalogued. The beautiful group of craters north-west 
of Fourier is very conspicuous at this phase. One member of the 
group (c^) is remarkable for the . brilliant whiteness of its inner 
slope, while its fellows, with two or three exceptions, are com- 
paratively dark. Can lunar theorists explain why this should be ? 

Thos. Gwyn Elgbe. 

Beaumont House, Shakespeare .!B'Qaid, . . 
Bedford, 1890, Dec. 18. 



CORRESPONDENCE. 

To the Editors of ' The Observatory J 
Sunr-spots in High Latitudes, 

Q-BNTLBMEN*, — 

The past summer and autumn have brought us a decided 
increase in the number of spot- groups to be seen on the Sun, so 
that whilst there were but 32 groups recorded in 1889, 42 were 
observed in the first nine months of the current year. And with 
the quickening activity of the Sun, the tendency of the spots to 
seek high latitudes has been increasingly distinct. As in 1889, 
what we might' call mid-latitudes on either side of the equator 
were absolutely free from spots. These barren zones were not 
quite so wide as in 1889, extending only from ri° to 18° instead 
of from 10° almost to 20°, but the avoidance in either hemisphere 
of this belt, which at maximum, and on the average for an entire 
cycle, is by far the most frequented of any, was very conspicuous* 
The equatorial zone, too, was almost deserted. Only five groups out 
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o£ the 42 were situated near the equator, and of these three were 
only seen on a single day, and one group was a legacy from 1889. 
One considerable group alone, belonging wholly to 1890, was found 
in the equatorial zone, the group which ran its course from July 22 
to August I. 

The remaining 37 groups all had latitudes of 19° or over, 17 
being northern and 20 being southern groups. Four groups had 
a latitude of more than 30°, two of these being groups to which I 
have already referred in your pages *, and the other two being 
but small groups. 

The principal groups of the year so far have been as follows, 
neglecting the group which was first seen on 1889 Dec. 27 and 
which passed out of sight at the west limb on Jan. 7 in the present 
year : — 

Lat. 

Jan. 17-22 +23® 

March 4-14 -\-^z 

May 8-13 -28 

June 5-9 —25 

July 4-1 1 —24 

July 7-14 — 21 

July 22-Aug. I — 7 

July 28-Aug. 6 +19 

Aug. 25-Sept. 6 +20 

Sept. 1-9 --19 

Sept. 15-18 —20 

Sept. 17-20 — 27 

Sept. 24-Oct. 2 +21 

Two fine groups have been seen on the Sun since th^ beginning 
of October, but unfavourable weather prevented either being fully 
obsen'ed at Greenwich. The first, a particularly fine and in- 
teresting group, would appear to have reached the east limb on 
Oct. 19 and the west limb on Oct. 31, its latitude being about 
—24°. The other lay in the northern hemisphere, latitude 4- 19°, 
and was visible during the last ten days of November and the 
beginning of December. A third but smaller group was observed 
in latitude —28° in the middle of December. 

Tours faithfully, 

Blacldieath, 1890, Dec. 22. E. W. MaUITDEB. 

Conjunctions of Jupiter^s Satellites. 

Geftlemen, — 

The following are the Greenwich Mean Times of the visible 
Conjunctions of Jupiter's Satellites, relative to Jupiter's equator, as 

* See the ' Observatory * for April 1890, p. 1 59, and for July, p. 241. May I 
take this opportunity of correcting a clerical error in the latter place ? The 
word " March " should be " May " throughout the entire letter. 
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seen from the Earth in January 1891. The satellite nearest the 
Earth is named first. Apparent distances from the centre of 
Jupiter are given in multiples of his equatorial radius. E. and "W. 
mark the positions of the Satellites relative to Jupiter. * shows 
that the planet is above the horizon of Greenwich; t that the 
satellites are moving in the same direction with relatively slow 
motion ; t denotes a very close approach to a conjunction. 
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As so few of these phenomena are visible within the limits of 

the British Isles comprising 48" only of Longitude from E. to W., 

I have endeavoured to secure ampler opportunities for observation 

by sending manuscript copies of this list to the observatories of 

jMadras and Washington, distant 5*" 21" East and 5*^ 8" West, 

respectively, by recent mails. Faithfully yours, 

Murston Rectory, Sittingboume, A. ± B££Man« 

1890,1)60. 15. 

The early History of the Red Spot on Jupiter^ 

Gentlemen, — 

In connection with Mr. Ryle's letter in the December 
number of the * Observatory,' I trust that I shall not be considered 
egotistical if I refer your correspondent to a paper by myself, read 
before the Eoyal Astronomical Society in 1887. It will he found 
on p. 515 of Vol. xlvii. of the E. A. S. 'Monthly Notices.' 

Faithfully yoyrs, 

Forest Lodge, Maresfield, Uckfield, WlLLIAH NoBLB. 

1890, Dec. 5. 



Periodical Comets due in 1891. 

Gentlemen, — 

Our old friend Encke's comet may be confidently expected 
to turn up again next autumn, as it has been seen at every 
return since Encke determined its period at the appearance in 
1 818- 19, besides having been observed on three previous occar- 
sions, in 1786, 1795, ^^^ 1805. We have reason to be grateful 
to this comet for affording the means of the earliest determination 
of the mass of the planet Mercury ; but it bg^ other problems yet 
to solve. Encke's theory respecting the cause of the diminution 
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of the length of its^periodio time could not be held (at any rate in 
its original shape) when it was found that that diminution was not 
jconstant in amount. Mr. Monck, I believe, was the first to sug- 
gest the retardation produced by traversing or passing near 
meteoric streams as a cause, and on this we may hope that further 
light will soon be thrown. 

Two other small comets are due to return to perihelion some 
time in the coming year. Both were first discovered by Tempel, 
but as the periodicity of one of these was not detected until after 
its re-discovery by Prof. Swift in t88o, it is usually called Swift's 
comet. Tempel discovered it in November 1869 ; it has a period 
of about 5 1 yfears, but escaped observation in 1875. It was 
unfavourably placed at the return due in 1886 and was not 
seen ; anothe(r return will be due in the autumn of 189 1. 

The comet which was discovered by Tempel in 1867 has a period 
of about six years: It was observed at returns in 1873 and 1879, 
but not at ^he last, which was due in 1885. Another return 
therefore will be expected in the course of the year on which we 
are just about to enter. Tours faithfully, 

W. T. LTT^Tf . 

Blackheath, 1S90, Dec. 18. 



OBSEEVATOEIES. 

Copenhagen. — M. Victor Nielsen kindly sends us the following 
letter : — " In my private observatory I hope shortly to mount a 
7^-in. refractor by Eeinf elder and Hertel of Munich (mounted by 
W. Falcz-Easmuyssen of Copenhagen). My work has recently 
been chiefly selenographical ; but with my 6|-in. I have photo- 
graphed the Pleiades, 61 Cygni, the Orion nebula, and Brooks's 
comet (May, 1890). The comet was too faint to measure, and the 
stars were small lines owing to the cometary motion (exposure 
35 min.). I hope with the new instrument to do better photo- 
graphic work, for the actinic focus is only i| mm. from the visual, 
whereas in the 6|-in. it was 7 mm. distant. The O.G.'s of the 
new instrument and its finder are of Jena glass. I beg to thank 
the obervatories which have sent me their publications : viz., Lick, 
Washington, Warner, Markree, Eousdon, Meudon, Prague, Baron 
Engelhardt's, O'Gyalla, Vienna, &c." 

Moscow. — A volume of the Annals, dated 1890 and numbered 
'* II. Serie, Volume II., Livraisons i et 2," chiefly consists of 
various papers on comets and meteors and kindred subjects, by 
the Director and his sto-ff. M. Bredichin's name is already famous 
in this connection, and what he writes will be read with interest. 

One chapter only is observational, being an account of pendulum 
operations by MM. Sternberg and Bredichin, with a reversible 
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pendulum, at eight stations, including Moscow. The largest dis- 
crepancy between two determinations at the same place is o"*™'o35 ; 
and there appears to be a systematic error of o°^""24o, which is 
ascribed to vibration of the supports. A simple photometric appa- 
ratus and a chart for meteor observations are described by M. Ceraski. 



Nice. — We have examined the third volume of the Annals of 
this Observatory with a feeling of simple reverence. It contains 
the magnificent map of the solar spectrum which M. ThoUon 
scarcely lived to complete, and which is now a monument to his 
memory. The prismatic spectrum is mapped from A to 6 on such 
a scale that the distance l^ietween the D Hnes" is 30 mm. ; and for 
the four cases of a high sun ; a sun of Z. D. 60° with dry air ; 
Z. D. 60° and saturated air ; and Z. D. 80°. No attempt has been 
made to reduce the positions of the lines to wave-lengths, but tables 
accompanying the map give in figures the exact positions (to 
o™™*oi), the intensities, and the breadths of the various lines. Of 
the labour involved in such a work, there are very few competent 
to form an opinion, and still f^wer who can appreciate its 
excellence. The author compares it to a table of logarithms, 
as being a laboriously compiled work of reference ; but, if we may 
gather from this that he feels the same confidence in the accuracy 
of his work as though it were a matter pf simple calculation, his 
claims to our consideration are on a very different footing from 
those of the computer. 

There are other matters of interest in the volume. M. Perrotin 
publishes part of a Theory of Vesta on which he has been at work. 
There follow the meridian observations 1887 March to 1888 
March ; then observations of nine comets and sixty small planets 
with the 15-inch equatorial, and finally elements of planets dis- 
covered at the Observatory. The liberality of M. Bischoffsheim 
is certainly being amply rewarded. 



Tale. — The Eeport of the Secretary for the year 1889-90 
shows that no change has been made in the general working of the 
observatory. Dr. Elkin's report on the heliometer work is ap- 
pended, and we learn that 54 series of measures of Victoria and 
^^ of Sappho were secured. The reductions have been kept well 
forward, while considerable prdgress has been made towards the 
deduction of the solar parallax from the observations of Iris in 
1888. Mr. Chase will carry out the heliometric triangulation of 
the Victoria comparison stars as suggested by Dr. Grill. Dr. Elkin 
is now completing his determination of parallaxes of first-mag- 
nitude stars in the northern heavens. 



Lick. — Prof. Holden announces that the Edison General Electrip 
Company have generously presented complete plant for lighting 
the observatory by (Blectriciiy. 
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PUBLICATIONS. 

CoEDOBA Obsbetations. — ^Vol. XII. containing the zone observa- 
tions made in 1879, under the direction of Dr. Gould, has been 
issued by his successor, M. Thome. The number of observations 
during the year was 19382 of 6213 stars. The separate results 
are given in ledger form, and the combined mean places in a 
catalogue. A few observations of Tempel's Comet are also 
given. 



Eio Janeieo Attnales. — ^Vol. IV. Part II. contains the 
Meteorological observations, 1 883-1 885, and as soon as possible 
those for 1 886-1 888 are to be printed. The gap in the series 
(from 1 867-1 881) will then be taken in hand. The volume before 
us gives details of observations taken every three hours, also ten 
day and monthly means of the same. We hope the Bepublic 
will extend to the observatory the same generous support that it 
received from the ex-Emperor, 



The Stoet of the Heavens. — A new edition of Sir Eobert 
Ball's popular work lias been published, and we see no reason why 
many more editions should not follow it. The work is little more 
than a reprint, but with good reason ; for though important astro- 
nomical work is being done every year, it is such as can scarcely 
find a place in a work dealing mainly with fundamental facts. We 
notice that Mr. Boberts's photograph of the Andromeda nebula is 
included as an illustration, though nothing is said of its signifi- 
cance, perhaps through excess of caution. 

It would appear that some 14,000 people have already bought 
this work, and the fifteenth thousand are already attacking the 
market. We congratulate the geniaj author and wish him con- 
tinued success. 



ASTEONOMICAL PaPEBS FOE THE USE OF THE AmBBICAN EphB- 

MEBis. — In Part 5 of Vol. II. Prof. Newcomb gives a re-discussion 
of the observations of the Transits of Venus 1761 and 1769. All 
observations have been subjected to a most searching criticism, and 
modem longitudes of the observing stations used. The alleged 
falsification of Pr. Hill's observations having been thoroughly dis- 
proved, great weight is attached to them. Numerous observations 
not used by Encke have been incorporated, and the observations 
have been corrected for the imperfection of telescopes and other 
matters which militated against distinct vision of the thread of 
light. Prom the two Transits 8"*79+o'''o5 is the resulting 
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parallax, and -f 32"'4 the correction to Le Verrier's longitude ei 
the node of Venus. It will be remembered that Encke's result 
V^as 8"* 58. — Ast, Journal. 

EADCLiFrB OBSBBTA.T10NS, 1886. — ^The 44th volume of Eadcliffe 
observations has just been received. There are no changes to 
record in the staff or in the form of the volume. The annual 
catalogue contains 997 stars ; the Sun and Moon were regularly 
observed, and the observations and resulting errors of N. A. are 
given. In the case of the Moon the errors are also corrected for 
the ** Change in the Unit of Mean Time introduced in the year 
1864." The volume also contains detailed meteorological observa- 
tions. 



NOTES. 

The Ebcitnt and Prbvious Cold Pbbioos. — The following 
particulars in regard to the recent and previous cold periods have 
been drawn up from the records of the Koyal Observatory, Green- 
wich. 

The month of October of the year 1890 was on the whole 
cold. In November there was a warm period, extending from 
November 12 to 24. Then on November 25 a cold period com- 
menced, and, at the time of writing (December 27), still continues. 
Considering the period, November 25 to December 26, we have 
already one of 32 days, with a mean temperature of only 29^*9, or 
ii°-2 below the average; on 20 of these days the mean daily 
temperature was more than 10° below the average, on 5 of 
them being more than 15° below; from November 26 to 30, 
December 10 to 20, and December 22 to 25, it was continuously 
more than 10° below, the greatest departure from the average 
being —-20^7 on December 22. From December 10 to 19 the 
temperature was never above the freezing-point. 

It becomes interesting to compare this record with previous 
instances of frost occurring before Christmas, adding thereto the 
character of the weather, as regards temperature, during the 
immediately succeeding part of each winter. 

In 1853-54 a very cold period set in on December 11, lasting 
till January 6, or for 27 days: the mean tomperature (m.t.) of 
the period was 30°*9, or 7°*i below the average; on 5 days the 
mean daily temperature (m.d.t.) was more than 10° below the 
average, the greatest departure therefrom (g.d.) being — 13°*2 on 
December 29. During the rest of January the temperature was 
generally considerably above the average. 

In 1855-56 cold set in on November 13, lasting nearly con- 
tinuously till December 22, =^40 days: the m.t. of the period was 
35°'6, or 5°'5 below. the average; on 8 days the m.d.t. was more 
than 10° below the average, the g.d. being — 18°'5 on December 21. 

VOL. XJV. F 
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The rest of December was warm, and January, with a few- 
exceptions, was also warm. 

In 1870-71 the early part of December was cold and the 
middle portion warm. On December 21 cold set in, lasting, with 
a few exceptions, until February 2, a 44 davs: the m.t. of the 
period was 3i°'2, or 5°*9 below the average; on 10 days the 
m.d.t. was more than 10^ below the average, the g.d. being — i7°'o 
on December 25. The rest of February, with one or two excep- 
tions, was warm. 

In 1874-75 a cold period set in on December 9, lasting till 
January i, =24 days : the m.t. of the period was 3i°*i, or 7°-9 
below the average; on 6 days the m.d.t. was more than 10° below 
the average, the g.d. being — 16°*4 on December 31. Followed by 
a very warm January. 

In 1878-79, after a somewhat cold period, one of greater cold 
set in on November 26, lasting till December 25, =30 days ; the 
m.t. of the period was 32°'!, or g""'*! below the average ; on 12 days 
the m.d.t. was more than 10° below the average, being for 8 days, 
December 8 to 15, continuously more than that amount below the 
average, the g.d. being —i 7*^*3 on December 24. Then, after 7 
days of warm weather, there followed a very cold January. 

In 1879-80, after a variable period, cold set in on November 20, 
lasting tiU December 27, =38 days: the m.t. of the period was 
31°* 3, or 9°*8 below the average ; on 15 days the m.d.t. was more 
than 10® below the average, being for 8 days, November 30 to 
December 7, continuously more than that amount below the 
average, the g.d. being — 19®'2 on December 7. Then, after 8 days 
warm, followed a very cold January. Great similarity with the 
previous winter. 

A few notes on the winter of 1854-55 (the Crimean winter) 
may not be out of place. After a variable period, until the middle 
of January, cold set in on January 14, lasting till February 24, 
s= 42 days : the m.t. of the period was 28°'4, or 9°*4 below the 
average; on 18 days the m.d.t. was more than 10° below the 
average, on 5 of these days being more than 15° below, and on 
10 days, February 13 to 22, was continuously more than 10° below, 
the g.d. being — i8°*o on February 18. 

As regards absolute low temperature in the months of November 
and December last, the lowest recorded in November was i8°"3 
on the afternoon of November 28 between 4** and 5*^ p.m., the lowest 
previously recorded in November since the year 1841 being i9°'4 
on 1856 November 30. The lowest temperature in December was 
i3°'4 on December 22, temperatures lower than which have been 
recorded only three times in December since 1841 : they occurred 
i860, December 25==8°'o; 1870, December 25 = 9°'8; and 1878, 
December 25=12°* 2. W. E. 

There is a Greenwich proverb that it is " never clear when the 
finow lies ; " and ihQ following figures will show how far the recent 
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severe weather has confirmed this dictum. They give the number 
of transit observations made during December. The constancy of 
the watch kept at Greenwich is perhaps too well known to need 
comment, and it may fairly be said that the following observations 
were all that were possible during the mouth. 




No. of stars. 


PlaneU. 


Equat 


Polar. 
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It is doubtful whether loo observations will be secured iu the 
month (counting double limbs), the average for December in recenc 
years being considerably over 400. 

The Climate of G-rbbnwich. — Some months ago, Dr. Auwers 
published a research on the Sun's diameter (see Obs. Xo. . 156, 
p» 445)) wherein he incidentally noticed an apparent decrease in 
the average annual number of meridian observations of the Sun, 
which he attributed to a deterioration of the climate of G-reen- 
wich. His figures were as follows ; — 

Years. No. Obs. Years. No. Obs. 



1750-60 .160 

1765-75 138 

1776-86 140 

1787-98 148 

1799-1810 159 



181T-18 154 

1819-27 152 

1828-35 138 

1836-46 J19 

1847-80 114 



It will be noticed that though the first number is undoubtedly 
the largest, and the last the smallest, the second number is exactly 
repeated more than fifty years later, and it would appear that up 
to 1835 at least there was no certain change. Since then the 
observations of the Sun have been intermitted on Sundays, and 
proper Allowance must thus be made. If Sundays are comparable 
witifi other days, about 19 observations would apparently be the 
proper allowance, and this would mak^ the last figures 138 and 
• ^33 respectively. This assumption has been confirmed by the ex- 
perience of the past year, for the-ABfrononi^ Boyal made arrange- 
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ments £or the observation of the Sun on Sundays, commenoiug 
with 1890, Jan. i, and there have been 20 observations of diameter 
on those days. The deterioration in climate would thus appear to 
be small but sensible. 

The Cordoba Dcbchmustebung. — In the Astr. Journal for 
Dec. 8, Mr. Thome, the Director of the Argentine National Obser- 
vatory, gives an interesting account of the work of his Observatory 
in extending the Durchmusterung to —42°. " During the past 
live years our efforts have been devoted mainly to the extension of 
the Southern DM., from the limit to which it had been carried by 
Prof. Schonfeld; or rather from the beginning of —22°, so as to 
have that belt (one degree) in common with Schonf eld's great 
work, for comparison of results. Up to the present we have 
made more than a million of observations of ohjects situated in the 
belt between —2 2^* and —42°, which have all been reduced to a 
common epoch (1875*0), and in the course of a few months the 
final revision for that entire region will have been completed .... 
The telescope employed is a small equatorial by Alvan Clark & 
Sons, of i2|cm. aperture and 168 cm. focal length, with an eye- 
piece magnifying 15 times, showing stars to the io| magnitude, 
under the best conditions of sky in dark field." From the com- 
parison with Schonf eld's work, it appears that nearly double the 
number of stars have been observed at Cordoba in the same region ; 
though the probable error of an observation is rather large, owing 
to the use of an occulting bar instead of an illuminated reticule. 
The work cannot fail to be of great use, and it will be of great 
interest to compare the results with those of the Cape photographic 
DM. . 

Motion of the Solab System in Space. — Herr Oscar Stumpe 
has made another computation of this motion, using 1054 st^ars, 
whose P.M. in arc is greater than o"*i6. These include the Bradley 
stars whose P.M. vi as determined by Auwers, and those determined 
by Argelander ; the remainder come from miscellaneous sources, 
and represent much personal labour on the part of Herr Stumpe. 

The author deals with the vexed question of the relative dis- 
tances of the stars in a somewhat novel manner. He assumes 
that the distances are inv«;r8ely proportional to the apparent 
proper motions, then dividing the whole number of stars into four 
groups according to the magnitude of their P.M.s, he finds the 
angular coordinates of the apex of the Sun's way for each of the 
groups, and also the angular velocity of the motion as seen from 
the mean distance of the group. Now, if the assumption as to 
distribution be correct, the angular coordinates should, of course, 
be the same for both groups ; but the angular velocity should vary 
inversely as the mean distance of the group, and therefore, ear 
hypothesis directly as the miean P.M. This is Jound to be the case, 
as the following figures will show. :Inthe third column is given 
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the deduced angular velocity, and in the fourth the mean P.M* ; 

the ratio of these in the fifth column is seen to be nearly con- 
stant : — 

No. of Ang. Me«an 

Stars. A.R. Dec. vel. P.M. Ratio. 

Group 1 551 287°-4 +4a°*o o"-i4o o"-23 j6 

u 11 340 279 7 4-40 '5 o '295 o 43 "•4 

III 105 287 '9 +31 '9 o '608 o '85 1*4 

IV 58 285 '2 +30 '4 a -057 2 '39 1-2 



»> 
»* 



Herr Stumpe remarks that since the mean magnitude of each 
group is about the same (6*o, 67, 6*i, 6-5), it would appear that 
the P.M. is a much more satisfactory criterion for the distance of 
a star than its brightness. 

The linear magnitude of the velocity of the Solar system is 
accordingly left undei'ermined. We must probably depend on 
spectroscopic results for this information. 

Distant Comets. — The great Lick refractor has to reckon 
another achievement in opening up the possibilities of following 
comets for a much longer period than before. Mr. Barnard has 
been active in this direction, and hopes to follow the Comet 1889 I. 
for one or two years longer, while another, a faint Comet (1889 6), 
has already been followed for a year and a half. 

The Eefrangibilitx or the Light of Mars. — " Theoretically 
owing to the deficiency of blue rays in the light of Mars, it should 
suffer a less refraction than do the stars ; and if the difference be 
sensible it has an important bearing on the solar parallax deter- 
minations from Mars." Accordingly Dr. Elkin has made some 
experiments on the subject with the Yale heliometer, but he finds 
that " it is not easy to draw any conclusion as to the relative re- 
frangibility of the light of Mars and a star, beyond that the dif- 
ference cannot be ver}'^ large." (See ' Astr. Journal,' Ko. 229). 

Bbitish Astbonomical Association. — We are pleased to see 
that the B. A. A. is being taken up in the Colonies. The * Cape 
Times' of Nov. 27 gives a summary of the steps leading up to, 
and an account of the first meeting. Mr. Cox, of the Observatory 
at the Cape, seems to be a S. African agent ; if astronomers in 
other colonies will act in the same manner, we shall expect soon to 
hear of several colonial branches. 



TxcHo's Stab. — Mr. Burnham has examined the region about 
the place given by D' Arrest for Tycho's star with the 36-inch. 
None of the faint stars near the place presented any peculiarity 
worthy of remark, but three double stars were found. 

Double Stabs. — The * Transactions of the Boyal Irish Academy,' 
vol. xxix. part 13, contains a collection of double- star measures 
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made by Dr. Doberck duriug the period 1875-86. There are in 
all 7969 measures oi: position-angle and 2656 distances of 2^6 
different couples. Most of these have already been published at 
different times, so that the value of the present Catalogue lies 
more in the compact form in which it is insued. The great 
majority of the measures were made with the Oauchoix equatorial at 
Markree, which has an aperture of 13*2 inches. The later 
measures were made at Hong Kong with the Lee equatorial. 
The tables in connection with the evaluation of the micrometer- 
screw are not very explicit, and form a great contrast with the 
catalogue itself, which is everything one could wish. The epoch 
of S 2114 (p. 415) ought to be 77*44. 

Amebioan Obseevatoeies. — Mr. W. C. Winlock has written 
an interesting article on Observatories in the U. 8. for an Ency- 
clopsedia, from which we glean that there are about 60 observatories, 
exclusive of those of amateurs possessing telescopes of 4 inches or 
less aperture. A list of observatories with their instruments, and 
special remarks, is given, and a brief history of Harvard and Lick. 

The University of North Carolina appears to have been the 
astronomical pioneer of the States, for in 1824, Dr. Caldwell, the 
President, purchased in London the following instrumetits : — a 
transit and a zenith telescope (Simms), equatorial (DoUond), sex- 
tant (Wilkinson), reflecting circle (Harris), quadrant (Hadley), and 
clock (Molyneux). They were erected in the University Building 
and 7 years later the first observatory was built for their reception, 
and Caldwell, Elisha Mitchell, and James Phillips observed with 
them. In 1838 the building was partially destroyed by a fire, 
which seems also to have enveloped the records aud the zeal of the 
observers, as it closed the astronomical history ot" the institution. 
The Hopkins Observatory of Williams College, which celebrated 
its jubilee a few years back, came next, having been established in 
1836, and others follow^ed at short intervals, nntil 1843, when 
Harvard was founded. It is worthy of note that in 18 15 there 
was some idea of establishing an Observatory at Cambridge, but no 
action was taken until 1827, when the Dana house was purchased 
to serve as a temporary building, in which were mounted a 2|-inch 
transit (Troughton and Simms), an ecjuatorial of 5 feet focus 
(Short), and magnetical and meteorological instruments. Money- 
accumulated, and the present site was purchased in 1841 ; but Har- 
vard proper dates from the appearance of Donati's comet, which 
caused much excitement and sufficient enthusiasm to result in the 
sum of 25,730 dollars being subscribed to furnish Cambridge with 
a telescope of the largest size. Thus the foundation of the Har- 
vard of to-day was laid. Of the history of Harvard it is needless 
to speak in the ' Observatory,' for its enterprise and energy are 
known to all our readers. The Lick Observatory is fully dealt 
with, but that, like the modern Harvard, needs no remark here. 

One cannot but admire the interest taken in astronomy not only 
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hj the heads of collegers, but by the wealthy citizens of the United 
States, as evidenced by their establishment and endowment of ob- 
servatories. Mr. Winlock's short article shows that America may- 
be proud of h^ slstronomical institutions, for it displays a record 
of rapid progress such as can be shown by no other country. 

The same mail brought us the article on American Telescopes by 
Mr. Winlock, but this subject was referred to in No. 142, p. 394. 



Comets Zona and Spitalee. — The former comet was discovered 
at Palermo by M. Zona on November 15, and the telegram con- 
veying the news of the discovery reached Vienna about half -past 
two on the morning of November 17. M. Spitaler at once directed 
the 2 7 -inch refractor to that part of the sky, and at the first glance 
saw a faint object in the field. Not being satisfied, as the object 
was much fainter than indicated in the telegram, he searched 
further and detected the comet Zona. On returning to the first 
object be found that it had moved in the interval. He was unable 
to see the comets again till Dec. 4. On Dec. 6 the faint comet 
(Spitaler) was observed at Copenhagen, and since then there are 
several observations, so that no doubt of its nature remains. The 
elements, however, of tlie two comets show no relation to each" 
other, Zona having a parabolic and Spitaler an elliptic orbit. 



Elements of comet Zona. 
T=f 1890 Au^URt 2*69291. 
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Elements of comet Spitaler. 
T~ 1890 October 26*50833. 
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The Zodiacal Light. — Prof. C. M. Smith read to the E.S.E. on 
April 7, some interesting notes of his observations on the zodiacal 
light. He has observed the spectrum on many occasions for the 
last fifteen years (in India ?), and for the last eight years ^ith 1^ 
specially designed spectroscope ; and in all the observations the 
spectrum has appeared continuous and free from bright lines 
except during the spring of 1883, and " even then the lines were 
nc^fc seen with suthcient distinctness to make their existence 
certain." The most strongly suspected line was about W.L» 
558, very near the auroral line at 556-7, which indeed was 
observed by Angstrom, in 1867, in the zodiacal light, though 
Prof. Smith is inclined to think it really belonged to the aurora, 
whose spectrum at Upsala can often be seen in almost all parts of 
the sky. Prof. Smith calls attention to the fact that more 
accurate information is needed as to the position of the axis of 
the light, the results of different observers being discordant. 
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Satuen AifD ITS EiNG. — An mterestiug monograph on Saturn, 
the result of fourteen years' work, is contributed by Prof. Asaph 
Hall as Appendix II. to the Washington Observations, 1885. The 
characteristic of this memoir is great caution; and the three 
drawings of the planet, where a few scanty markings represent all 
that Prof. Hall can certainly see with a fine telescope, should reassure 
those who have been dissatisfied with their modest instruments 
because they could not therewith recognize the elaborate detail 
described by more imaginative observers. To quote the author's 
own words :— "The appearance of Saturn in our 26-inch refractor 
undergoes great changes from night to night, and sometimes even 
from hour to hour during the same night. Probably these changes 
ai-e due to variations in our own atmosphere and in the action of 
the objective, and they do not therefore indicate real changes in 
the planet. Whenever we have a steady and transparent atmo- 
sphere, the outlines of the planet, the faint belts and markings on 
the Ball, the shadow of the Ball on the Eing, the dusky Ring, and 
the Cassini division are clear and distinct, and the abnormal phe- 
nomena sometimes seen are not visible. Without exception, my 
experience is that on good nights the planet always has this natural 
appearance. But on poor nights, when the image is blazing and 
unsteady, one can see and can imagine many strange things about 
this wonderful object." 

Prof. Hall finds for the rotation period of the planet, from 
observations of the white spot (1876 Dec. 7 to 1877 ^^.n. 2), 
r o** 14™ 23**8 + 2''3 mean time (see Asl. Nach. No. 2 146). Careful 
discussions are also given of the position and dimensions of the 
Ring. 

The notch in the outline of the shadow was never seen at 
Washington, either by Prof. Hall or his assistant. *' The curva- 
ture of the outline of the shadow presented an anomaly in 1876 
when the convexity appeared to be turned towards the Ball, con- 
trary to what we should expect from geometrical considerations. 
The notes show that something of this kind was seen after the 
reappearance of the Ring in 1878. . . . After the Ring was well 
opened, the curvature of the outline always appeared natural or 
turned away from the Ball.'' 

MiNOB Plajiets. — The following have been named by M. Char- 
lois:— No. 283, Emma; No. 284, Amelia; No. 285, Regina; 
No. 289, Nenetta; No. 293, Brasilia; No. 294, Felicia. 

In 'Engineering' for 1890, Dec. 19, there is a description, 
with four excellent illustrations, of the photo-telescope for 
Melbourne, made by Sir H. Grubb, which may be taken as 
representative of all the English telescopes (Greenwich, the Cape, 
Oxford, Melbourne, and Sydney) which will take part in the 
international scheme for charting the heavens. 

We notice that Dr. Watts's ** Index of Spectra '* has just been 
published. It is a work which should prove ot the greatest use. 
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No. 172. FEBKUAKY. 1891. 

MBETESra OF THE EOTAL ASTRONOMICAL SOCIETY. 

Friday, January 9, 1891. 

Lieut.-Gten. J. F. Tennant, C.I.E., R.E., F.R.S., 
President, in the Chair. 

Secretaries : E. B. KInobel and A. M. W. Downing, M.A. 

The Minutes of the previous Meeting were read and confirmed. 

Mr, Downing, Fifty-eight presents have been received since 
the last Meeting ; among those calling for special mention are : — 
' The Scientific Papers of J. Clerk-Maxwell,' 2 vols., presented by 
the Clerk-Maxwell Memorial Committee ; * The History of Har- 
vard College Observatory,' by D. W. Baker, presented by the 
Observatory ; ' Manuscript Observations of Shooting - Stars, 
1873-89,' by W. F. Denning, presented by the Author ; a Bichro- 
mate Battery and Euhmkorff Coil, presented by J. E. H. Peyton, 
Esq. The thanks of the Meeting were voted for the presents. 

Mr, Knohel read a paper by Mr, S. W, Burnham^ of the Lick 
Observatory, on the Proper Motion of H 1968. The faint star 
was observed and measured by Herschel in 1830 or 1831, the 
exact date of observation being unknown ; but Mr. Burnham has 
made a series of measures of it during recent years, and finds a 
regular rate of movement, from which it seems probable that 
Herschel's observation was made in 1831. Argelander gave the 
proper motion of the star as o"*635 P®^ annum, but this has been 
shown by Struve to be an over-estimation. Mr. Burnham finds 
that this proper motion entirely fails to account for the motion 
of the small star that he has observed, and concludes either that 
the proper motion is in error, or the smaller star has a proper 
motion of its own. No orbital motion can account for the changes 
in position. 

A vote of thanks was accorded for the paper.^ 
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Mr. Knohel read a paper by Prof, H, C, Vogel, of Potsdam, en- 
titled " Remarks on Mr. Fowler's Note on the Duplicity of a 
Lyrae." Mr. Powler would, indeed, have to be 'felicitated if , at 
the very outset of his work of photographing stellar spectra, he 
had succeeded in making a discovery of such great interest as the 
duplicity of a Lyrse ; but it seemed to him (Prof. Vogel) that Mr. 
Fowler's conclusions could scarcely be accepted without independent 
confirmation. The spectrum of a Lyrae has been repeatedly pho- 
tographed at Potsdam between Sept. 28, 1888, and Nov. 26, 1890, 
and in no case have the lines been found doubled in the manner 
shown in Mr. Fowler's photographs. The dates and exposures of 
the photographs taken at Potsdam are as follows : — 

Sept. 28, 1888 : 25 minutes exposure. 

Nov. 8,1888, 8*^ o"^ Potsdam M.T.: 60 

Nov. 13, 1888, 7*^ IS*" P.M.T. : 70 

May 30, 1889, To*^ 30" P.M.T. : 60 

June 6, 1889, lo*^ 15" P.M.T. ; 30 . 

Sept. 15, 1889, 10^ 5"^P.M.T.: 30 

Nov. 24, 1889, 6*^ 40"^ P.M.T.: 30 

Nov. 25, 1890, 5*^ 58°^ P.M.T.: 45 

Nov. 25, 1890, To^ 45"^ P.M.T. : 40 

Nov. 26, 1890, 8^ 43" P.M.T. : 45 

It is easy to see that if a Lyrae is a double star of 24*68 hours 
period, as suggested by Mr. Fowler, the lines should be double in 
some of the photographs taken at Potsdam ; yet although the 
definition is very good and the lines are very sharp, no doubling is 
found in any case. A relative motion of more than 20 miles a 
second could not fail to show itself on any photograph taken with 
the Potsdam spectrograph. With a period of 24*68 hours twice 
only during that interval will the relative motion be less than 20 
miles per second, and that only for the very short time of '43 
hours, so that in the cases of 45 minutes exposure, as on 'Nov. 25 
and 26, 1890, it should be absolutely impossible for the lines to be 
perfectly sharp ; at the very least a relative motion of 50 miles per 
second should be shown. The Potsdam spectrograph photographs 
a region from X 420 to X 460, so that the K line, the duplicity of 
which first attracted Mr. Fowler's attention, is not included in 
the photographs taken with it, but the displacement, if really due 
to motion of the stars, would be as obvious in this region as in any 
other. Measurements of the positions of the lines at 452*30, 
453*43, and 454*99 show that there is not any displacement 
greater than + 5 miles. With the lines of terrestrial hydrogen at 
432*62 and 435*22 simultaneously photographed on the plate with 
the spectrum of Vega, no displacement can be detected. Even 
supposing these lines belong only to one star, then they should 
indicate velocities up to 185 miles per second. With /3 Aurigae 
photographs obtained at Potsdam clearly indicate the periodical 
doubling of the lines, but this is never found in the ease of Vega. 
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Special knowledge and great care are necessary to use the method 
of prisms in front of the objecl^glass adopted by Mr. Fowler, 
otherwise the arrangement is liable to produce dupUcation or even 
triplication of the lines in the spectrum of a star. At Potsdam 
it IS practically almost impossible to get any double lines unless 
they are due to real motion of the components of the star, because 
a slit spectroscope is used. He (Prof. Vogel) would suggest that 
Mr. Fowler should thoroughly test his instrument on other stars, 
and should test his method of working by taking photographs of 
fi AurigaD. It would also be advantageous if he followed Prof. 
Pickering's example and tried the effect of using greater dispersion. 
Prof. Vogel also begged to call attention to the calculation and 
diagram given in Mr. Fowler's paper, as they fall far short of the 
accuracy that might justly be looked for in a paper of so much 
importance. Taking Nov. i, 8 hours as the time of zero-point, 
and the period of 24*68 hours, a comparison of Mr. Fowler's 
observations with calculations shows the following results : — 



Date. 


Hoar. 


Oalc. Motion. 


Obsd. Motion. 


Oalc-Obs. 


Oct. 3 

8 

9 

10 

II 

12 

14 

17 

27 

28 

Nov. I 

I 

I 

4 


9*oo 
8 -co 
7*oo 

7'33 
8-50 

8-25 

lO'OO 
lO'OO 

8-00 
6-50 
8-00 
8-50 

lO'OO 

9'oo 


313 miles 

314 » 
204 „ 
176 ,, 
215 „ 

139 n 

172 » 

13 M 

282 „ 

113 ». 

47 » 
180 „ 

97 » 


180 miles 

370 », 
232 » 
260 „ 
218 „ 

294 n 
260 „ 

„ 

109 „ 

„ 

,, 

109 .» 
180 „ 

. „ 


+ 133 

- 56 

- 28 

- 84 

- 3 

-155 

- 88 

+ 13 

+ 173 

+ 113 


- 62 



+ 97 



An alteration of the zero-point + half an hour, equal to about 
50 miles, does not produce any improvement, and no reasonable 
accordance between calculation and observation, can be made 

out. 

Mr, Fowler. In the face of the facts brought forward by Prof. 
Vogel, and the information I have received from Prof. Pickering, 
I feel bound to acknowledge that a Lyras cannot be a double star 
as I suggested in Noven^ber last. The facts with regard to my 
photographs, however, remain as I then stated them, and I have 
as yet no explanation to give of the phenojiena. I have had en- 
largements made from some of the negatives, and I will pass them 
round with Prof. Pickering's photographs of /3 Aurigse. When 
compared the similarity will be evident to all of you. 

Since November I have not been able to obtain any photographs 
or to test the adjustments, mainly owing to the bad weather. The 

q2 
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lines in the photographs shown are separated equally on opposite 
sides of the normal position. With one exception the lines were 
not double in the spectra of other stars which I have photo- 
graphed with the same instruments. I have sent some of my 
negatives to Professor Pickering, and hope to get a satisfactory 
explanation from him. 

Captain Noble. I think perhaps the meeting would also like to 
have some explanation of the extraordinary discrepancies in mere 
calculation. Mr. Kiiobel has read Prof. Vogel's results, and they 
differ widely from those given in Mr. Fowler's paper, which I have 
before me. I do not know whether they use Walkingham's 
Arithmetic at South Kensington, or whether they calculate 
according to Cocker there, but at all events the discrepancy is very 
great. The younger Pellows of the Society will notice that this 
paper is put forward as a mathematical demonstration of the 
duplicity of a LyrsB. The variations plotted in the astonishing 
diagram given are said to be represented by the curve of sines, with 
which they have really as much — or as little — to do as with the 
law of sky-signs, concerning which the London County Council 
has lately issued an edict. The whole paper professes to prove 
its conclusions on mathematical principles, and I think that Mr. 
Fowler should satisfy the meeting by showing on the blackboard 
or elsewhere the formulae and mode of calculation by which he 
arrived at his quantities. 

Mr. Fowler, I worked out my figures by the graphical method 
and laid no claim to great accuracy. The paper was only intended 
to be a preliminary one, and I hoped to get more results and to be 
able to work out the conditions more accurately. On account of 
the unfavourable circumstances of working in London, I was very 
anxious that the observations should be taken up elsewhere, and 
I am gratified to find that the matter has been taken up in Paris, 
Potsdam, and Harvard. It now remains for me to determine why 
the doubling of the lines is special to the instruments I employed. 

Mr, Ranyard, I should like to ask Mr. Fowler how his prism 
is fastened in front of the object-glass. One frequently learns 
from one's mistakes. We are frequently near new discoveries 
when we have found something we do not understand. Is the 
prism clamped with screws, so that it may by any possibility be 
piQched ? Such a pinch, if tight enough, would give rise to a strain 
in the glass which would cause it to behave like a crystalline 
structure and give double refraction. 

Mr, Fowler, I do not think there is any possibility of pressure. 

Mr, Ranyard. You have some photographs in which they are 
absolutely sharp, and some in which they are double ? 

Mr, Fowler, Very clearly double. 

Mr. Ranyard. On going home after the meeting at which your 
paper was read I examuied a photograph given me by the 
Brothers Henry, and in their photograph the lines were absolutely 
sharp and single. I have written to them since and they have 



Feb. 1891.] the Royal Astronomical Society. 77 



three other photographs of the spectrum of Vega, and in 
each case have found the Imes absohitely sharp and single. They 
use a large flint prism of 45° mounted on a board in a manner 
yeiy similar to yours, and I can understand if there was any 
pressure the glass might be made doubly refracting. 

Mr, Fowler. Yes ; that seems possible. I only hope we shall 
learn something from the photographs, if it be only a source of 
error not suspected before. 

Mr, Oregoi'y, I might throw out a suggestion as to the probable 
cause of error in Mr. Fowler's photographs — one that 1 thought 
lie would mention. At Kensington a lot of students use the 
Observatory, and they may have shifted the swing-back of the 
camera, and it is possible that this caused the duplicity of the lines. 
1 saw Mr. JFowler investigating the photographs previous to his 
communication. He was as dubious about making it as any one 
could be, but in some of the photographs the lines were so sharp, 
and in others the doubhng was so obvious, that the duplex 
character of the star seemed beyond doubt. It is very probable, 
however, that there is some source of error, and I think it is pro- 
bably a movement of the swing-back of the camera. 

Mr, Fowler. I may say that I never took a photograph without 
checking the position of the swing-back and of the focussing- 
screws. 

Mr, Knobel. In this negative I fail to see any indication at all 
of duplicity. 

Mr. Fowler. It is very difficult to see anything on the negative 
in gas-light except under the microscope, and considerable expe- 
rience is necessary to make out the details. 

-4 Fellow. I may make a suggestion that the doubling is due 

^ halation — the reflection from the back surface of the glass 

plate. 

% President. Then there would be two false Hues — one on 
either side of the original line. The fine lines are said to be 
double here and the others are comparatively fuzzy, but they 
^e broader. In any case halation would treble the line. 
A vote of thanks was passed to Prof. Vogel for his paper. 
y'. Isaac Roberts then read a paper on "Photographic 
^vidence of VariabiHty in the Nucleus of the G-reat Nebula in 
^dromeda." The paper was illustrated b}' means of the lantern. 
The photographs may be briefly summarized as follows ; — 1885, 
August 30, exposure 30 minutes, the nebula showed no stellar 
Nucleus, and the nova was near the centre; 1886, October 24, 
fi^osure 73 minutes, faint stellar nucleus ; 1887, October 10, 
exposure 3 hours, very faint stellar nucleus; 1887, November 15, 
exposure 2 hours 35 minutes, no trace of stellar nucleus ; 1888, 
October i, exposure 2 hours, no stellar nucleus; 1888, October 2, 
exposure 2 hours 32 minutes, no stellar nucleus; 1888, December 
29* exposure 4 hours, no stellar nucleus; 1890, October 12, ex- 
posure 3 hours 5 minutes, no stellar nucleus ; 1890, November i. 
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exposure 15 minutes, the nucleus is very strongly stellar; 1890, 
December 9, exposures 5 minutes, 15 minutes, and 60 minutes 
respectively, the nucleus is strongly stellar on each plate. There 
can be no doubt from these photographs that the nebula has a 
variable stellar nucleus, and it is shown that this variability can be 
studied by short-exposure photographs, say 15 minutes each. 

Mr, Turner. I think one of the most satisfactory things to 
learn is that in the late inclement weather, during which most of 
us have been unable to do anything at all, Mr. Eoberts in his new 
observatory at Crowborough has been able to take what he con- 
siders important photographs, and I am sure we can all congratulate 
him on those results. 

Copt. Noble, In the majority of cases in which a stellar nucleus 
was visible the exposure was short, and the tendency of a short 
exposure is to produce an apparent stellar object and leave out 
the nebula. 

Mr, Roberts, Pardon me ; in one case of three hours exposure, 
and in another of one hour exposure, the stellar nuclei were 
shown. 

Capt, Noble, Then my objection does not hold good. 

The President, I would ask Mr. Roberts if he would give a 
description of his observatory. 

Mr, Roberts, The observatory is placed on the summit of 
Crowborough Hill in Sussex, which is one of the hi^est points in 
the south of England, and commands the horizon around without 
material obstruction. The floor of the observatory is 780 ft. 7 in. 
above the sea-level. The whole of the buildings are erected on a 
level platform of concrete, the top of which is about 4 ft. above 
the ground, which slopes towards the S.E. The buildings are one 
story in height, and the floors are raised 15 in. above the platform 
or terrace, and are on one uniform level throughout. The limit 
to one story in height permits the telescope to be brought down to 
within 20° of the horizon when pointed over the roof of the house. 
The observatory is placed due south, and is 20 ft. square inside, 
with a transit-room opening from it on the west side. Adjoining 
the observatory on the north side is a physical laboratory and a 
chemical laboratory, with a dark room and photo-enlarging arrange- 
ments. These and the observatory are connected with the dwelling- 
house by a corridor, on one side of which is a mechanics' shop, 
heating chamber, and library. At the end of the corridor is the 
dwelling-house. The dome of the observatory is hemispherical 
and constructed with wood ribs, sheeted with wood and covered 
with copper. The dome has two slits each 3 ft. 8 in. in width, 
parallel with each other, and 24 in. between them. The shutters 
of the lower half of each slit slide horizontally round the dome, 
and the upper half slides upon and over the top of the dome, so 
that both slits can be opened the full breadth from the horizontal 
to 18 in. beyond the zenith. By opening both slits the observatory 
is soon cooled down to the external temperature. But there is 
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one disadvantage in this dual -slit plan, for it gives the dome a 
pole which in some positions of the telescope is a little trouble- 
some. The Latitude of the observatory is 51° 3' 7" !N. ; Longitude 
Qh o™ 37* E. The site of the observatory was selected after much 
enquiry and investigation as to the probability of the occurrence 
of numerous clear intervals of sky during the year, suitable for 
the pursuit of stellar photography, and although it is premature 
to express a decided opinion, I am quite safe in stating that this 
locality is an improvement upon the former site of my observatory 
at MaghuU. It may interest some to know that I commenced the 
buildings, the observatory and house, in the month of September 
1889, and by September 1890 the buildings were finished and 
occupied, and some ten tons weight of telescopes, apparatus, and 
books was dismounted, conveyed, and re-erected on Orowborough 
Hill within twelve months' time. The photographic work was 
continued at Maghull till the month of June 1890, and resumed 
at Crowborough in the following October. 

The President, I have been told that Mr. Roberts's Observatory 
is a pattern. It is full of all sorts of dodges and arrangements 
which are not only ingenious but admirably adapted for their 
purposes. I am only doing my duty to astronomy if I ask him 
to give us a much more detailed account of it, so that we may 
understand all the arrangements he has made, and when oppor- 
tunity occurs we may take advantage of them. 

Capt, Noble. I can endorse every word you have said as to the 
perfection of the arrangements. I never saw anything more 
beautiful in my life. There is everything that can be of assistance 
to astronomers, and one can only hope that the work in which he 
has so eminently distinguished himself at Maghull will be improved 
upon in his new quarters. 

The President, He seems to me to be most fortunate in his 

new quarters, and I hope he will give us a fuller account of them, 

Mr, Roberts, The best thing I can say is it will give me great 

pleasure to see any of the Fellows at Crowborough when the 

weather is fit. 

Mr, Knobel, I hope Mr. Roberts will consent to the President's 
suggestion and give us a more elaborate description of his observa- 
tory ; and if so, perhaps we might defer the publication of the 
description until we have drawings, &c. 

The President, "We will consider what Mr. Roberts has told us 
as a sort of whet to our appetite, and consider he is going to give 
us something more by-and-by. 

A vote of thanks was passed to Mr. Roberts for his papers. 
Mr, Turner then read a paper on the Determination of the 
Longitude Paris — Q-reenwich. He said that in the year 1887 
a request was made to the Astronomer-Royal by the officers of 
the French Geodetic Survey that the longitude pf Paris and 
Q-reenwich might be redetermined. It had of course been deter- 
mined before — ^as, for instance, early in the century by rocket 
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signals. As soon as the electric telegraph was invented, this 
longitude formed the subject of one of the first experiments on the 
determination of longitudes by that means in 1854 ; and the result, 
obtained by the eye and ear method throughout, was 9™ 2o*'5i, or 
a change of one whole second of time. Sir George Airy received 
a letter from Sir John Herschel asking whether this large correc- 
tion was to be accepted, and he replied that the accordance of the 
results was so good as to justify him in accepting the new result 
as almost correct. But since then some doubt had been thrown 
upon the correctness of this value. In 1872 the officers of the 
U.S. Coast Survey made a direct determination which gave a result 
9^ 2i*'o, nearly o*'5 different from that obtained in 1854. Again, 
there were various indirect determinations, as those vid Vienna, 
via Bonn, vid Berlin, &c. There was, indeed, considerable diver- 
gence of opinion about the proper longitude for Paris. It was 
not a question of some hundredths of a second, but of two or 
three tenths at least. The Astronomer-Eoyal very promptly 
entered into correspondence upon the subject, and it was arranged 
that the longitude should be redetermined, and that the parties to 
the redetermination should be the G-reenwich observers and the 
officers of the French Geodetic Survey. The Paris Observatory 
could not take part in it. It was arranged that four observers, 
two French and two English, should share in the work, the 
observational portion of which was completed in 1888. The 
French observers were Colonel Bassot and Commandant Def- 
forges, who had had considerable experience in longitude work 
in Algeria; the English observers were Mr. Lewis and himself 
(Mr. Turner). The computations were just completed. The 
preliminary discussion showed a wide divergence of nearly four 
tenths of a second between the results obtained independently by 
the two nations. It was thought at first there must be some 
mistake in the computations. The English and French computa- 
tions had been made entirely independently. No mistake was, 
however, discovered after careful scrutiny, and it was then arranged 
that one of the French Observers should come to England and 
discuss the results in concert with the English Observers. In 
June last this was done, and they again went through the whole 
of the computations and could not find any mistake. It was 
subsequently found that the time determination at Paris and 
Greenwich differed by a very large amount, far more than could 
be explained by the personal equation of the two observers, 
which was circumstantially known. On further scrutiny it was 
found that the levels of the French instrument were somewhat 
suspicious, the results given by the nadir observation differing 
systematically by 3" from those given by the striding level, but 
as there was no evidence to show that the nadir method was 
more correct than the striding level, the mean of the two results 
was adopted. The English final result was 9™ 20* '84, but the 
French determination was 9"^ 2i*'04, the final difference between 
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the two determinations being fully o"'2o. In making these longi- 
tude-determinations, the English and Prench observers were 
changed from station to station. Were the Erench nadir observa- 
tions assumed correct, and the striding-level determinations in some 
unexplained way erroneous, the difference between the two results 
would be reduced to o**04. The general result of the whole series 
of observations was that it is not nearly so easy to determine the 
longitude as might be thought. It might be that the longitude 
was apparently variable like the latitude, as they had recently heard 
asseverated. There had been practically no independent check up 
to the present time on even fundamental longitudes, such as could 
be obtained by making two independent determinations at the same 
time. The only other instance in which two independent determi- 
nations were made at the same time also resulted in a discordance 
between the two. He insisted very strongly upon the necessity 
of more attention being given to this matter, which might so easily 
be neglected now that attention was concentrated on the develop- 
ment of physical astronomy and photography. 

The President. We regret there has been a fiasco with regard 
to the determination of the longitude of Paris and Greenwich, 
but we hope some day it will be settled. 

The Astronomer-Royal, I might mention that we are hoping in 
the present year to make a determination of the longitude of 
Montreal, and the experience we have had in this matter will be 
very useful in that operation. After we have completed that 
determination, we sliall be able, I hope, to take up again the re- 
determination of the longitude of Paris. It has been a very dis- 
quieting thing that there should be this great discordance. The 
work has been carried out with all the precautions that could be 
suggested by the long^ experience of the Erench observers, who 
have had a great deal of experience, both in Algeria and in various 
parts of Prance, and every appliance was used that could be 
suggested with a view of securing increased accuracy, but, not- 
withstanding that, we have this very large discordance in two 
independent determinations carried on concurrently. 

The thanks of the Meeting were accorded to Mr. Turner for his 
paper. 

The Astronomer-Royal, There are two papers which are usually 
sent from the Royal Observatory to the Society at this time of the 
year. The first is the results of observations of the occultation of 
stars by the Moon and the phenomena of Jupiter's satellites. In 
consequence of the low altitude of Jupiter during this year, there 
are more discordances in the observations of the phenomena than 
would have been expected. "We have endeavoured, whenever it is 
possible, to get observations by two observers of the phenomena of 
Jupiter's satellites, and in some cases there are very curious dis- 
cordances, which I think will indicate to some Pellows of the 
Society who criticise the predictions of phenomena of Jupiter's 
sateUites^ that those observations are liable to a considerable amount 
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of uncertainty. The other paper is on spectroscopic results for 
the motions of stars in the line of sight, and the results generally 
show accordance with the previous determinations. There are, as 
usual, certain discrepancies which may be due to some remarkable 
orbital motion in stars, such as have been indicated recently, or 
they may be due to errors of observation. I should not like to 
pronounce any definite opinion upon this point. In particular 
cases I think there is a mixture of two causes of discordance. 
With reference to these, we hope in a short time to have the 28- 
inch refractor substituted for the 13-inch, and then we shall be 
able to carry on these observations more effectively and get more 
accordant results. I have had a letter from Sir Howard Grubb to 
say that he has so far figured the 28-inch object-glass that the 
figuring appears to be perfect so far as 26 inches, and he hopes to 
be able very soon to get the outside inch of the circumference into 
good figure; and I think we may look forward to having that 
object-glass mounted and at work in the present year, and then 
I trust we may be able to get more satisfactory results. 

A vote of thanks was passed for the papers. 

Mr. Knobel read a short note from a paper by Mr, Marth en- 
titled '*A list of published Lunar Sketches and Photographs arranged 
according to the Sun's position." 

A vote of thanks was passed to Mr. Marth for his paper. 

The following papers were announced : — 

Prof. H, C. Vogel, "Eemarks on Mr. Fowler's note on the 
duplicity of a Lyrse." 

A, A, Rambaut. " Observations on the Planets Victoria and 
Sappho made with the Meridian Circle at Dunsink." 

S. W. Burnham, '' The Proper Motion of H 1968/' 

Isaac Roberts, " Photographic evidence of Variability in the 
Nucleus of the Great Nebula in Andromeda." 

Isaac Roberts. " Mr. Eoberts's new Observatory on Crow- 
borough Hill, Sussex." 

A, Marth, "A List of published Lunar Sketches and Photographs 
arranged according to the Sun's position." 

Royal Observatory, Greenwich, " Spectroscopic Observations of 
the Motions of Stars in the Line of Sight made during the Year 
1890." 

Royal Observatory, Greenwich, " Observations of Occultations of 
Stars by the Moon, and of Phenomena of Jupiter's Satellites, made 
during the Tear 1890." 

H. H, Turner, " Note on the recent determination of the Longi- 
tude of Paris." 

E, J, Stone, " A comparison between the Greenwich Observa- 
tions, 1887, and Hansen's Tables as corrected by Prof. Newcomb 
and Mr. Stone." 

Professor Bhuban Mohan Bandyopadhyay , B.A,, F,R,Rist,Soc,, 
Christian College, Lucknow, India ; Joseph Brooks, Trigonometrical 
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Survey b£ New South Wales, Lands Department, Sydney ; James 
S. Browne, 170 Sloane Street, S.W. ; Edward Tremlett Carter^ 
Assoc. Inst. E.E., 12 Princes Street, Hanover Square, W. ; Rev. A, 
L. C'ortie, JS.J., St. Bueno's College, St. Asaph, North Wales; 
William Bladen Vrqft, M.A,^ 9 College Street, Winchester ; James 
GalUigher^ The Limes, Leyton, and St. George's House, Eastcheap, 
E.C.; Bev. H, Gratton Giiiness, D,D,, FJl,Hist.Soc,, F.B,G.S., 
Harley House, Bow, and Carbar, Derbyshire ; C. W. H. Jeavons, 
Horseley Place, Tipton, Staffordshire ; John Mitchell^ Brockholes, 
Huddersfield ; William M, Fierson, San Eranscisco, California, 
U.S.A. ; James Lidderdale Scott, Shanghai, China ; Arthur Laid- 
law Selby, M,A,, University College of South Wales and Mon- 
mouthshire, Cardiff ; Bev. Walter Sidgreaves, S.J,, IJirector of 
Stonyhurst Colleye Observatory y Lancashire; John Peter Gewge 
Smithy Sweyney Chff, Coalport, Shropshire ; Arthur J. Walker, 
New College, Oxford, were duly elected Fellows of the Society. 

The following Candidates were, proposed for election as Fellows 
of the Society : — 

Thomas Richard Clapham, Gentleman, Austwick Hall, near Settle, 
Yorkshire (proposed by Herbert Sadler) ; Arthur Kennedy, Solicitor, 
I Clement's Lin, W.C. (proposed by J. E. Drower). 



BEITISH ASTEONOMICAL ASSOCIATION. 

The second ordinary Meeting of the above Association was held 
in Barnard's Inn Hall, Holborn, on Wednesday, Dec. 31, Captain 
Noble, F.R.A.S., the President, i^ the Chair. 

Among the presentations announced was a beautifully executed 
difEraction-grating from Mr. John A. Brashear, of Allegheny, Pa., 
U.S.A., bearing a suitable inscription. 

The General Secretary (Mr. P. F. Duke, F.R.A.S.) announced 
that 162 new Members had joined since the last Meeting, making 
a total Membership of 489. Several additional names were 
handed in during the Meeting, this being the last day for the 
enrolment of Original Members. 

Mr. Franks read a first report of his Section, that of Coloured 
Stars. Thirty-five stars in Cassiopeia and Camelus had been 
observed ; about 45 observations on the average had been obtained 
of each star. A number of comparison estimates of Polaris had 
been made for the purpose of obtaining the *' colour equation" of 
each observer, but unfortunately it had been found that variations 
of Polaris appeared to be less between different observers on the 
same night than by the same observer on different nights. 

Mr. Waugh's report of the Jupiter Section was read by 
Mr. Cottam (Secretary to the Sections). The report contained, 
amongst other interesting matter, an account by Mr. A. Stanley 
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Williams of a dark transit of Satellite No. i on July 26, when the 
shadow of the satellite appeared double. 

The President remarked that the observers at the Lick Obser- 
vatory thought that they had observed this satellite double or else 
that it was crossed by a very dark band. 

Mr. Sadler believed that Sir James South had observed dupli- 
cate shadows of No. i Satellite. 

Mr. Green then delivered a lecture on the Canals of Mars, 
illustrated by lantern reproductions of drawings by Schiaparelli, 
Boeddicker, Maunder, and himself. Mr. G-reen doubted the accu- 
racy of Schiaparelli's canal-like markings, and pointed out that it 
was one tjiing to be able to see an object and another to be able 
to draw it correctly and artistically. He illustrated his point by 
presenting lantern-views of three of Schiaparelli's drawings of 
the Kaiser Sea made respectively in 1877, 1879, ^^^ 1882, and for 
comparison with them drawings of the same object made in the 
same years by Boeddicker, Maunder, and himself, and pointed out 
that, contrary to what might have been reasonably expected, the 
three drawings by the three different observers resembled each 
other much more closely than the three by Schiaparelli himself. 
The same point, he said, could have been established from the 
drawings of De la Eue, Lockyer, Trouvelot, Terby, Knobel, 
Neisten, and Kaiser, all of whom had drawn this region practi- 
cally in the same way. He concluded by repeating that his 
criticism of Schiaparelli applied, not to his competency as an 
observer, but to his skill as a draughtsman and an artist. 

The President remarked that he had never observed anything at 
all resembling Schiaparelli's canals on Mars. 

Mr. Sadler urged that Schiaparelli was a very gifted astronomer, 
and in particular a first-class double-star observer, and suggested 
that possibly atmospheric changes, such as clouds and snowstorms, 
might account for the altered appearances. 

Mr. Lawson remarked that geological changes of seas and con- 
tinents might be taking place on Mars as they had done on our 
Earth. 

Mr. Maunder (in reply to a question) stated that he had ob- 
served a few of the canals as delicate faint shaded lines, but never 
double ; he added that the Kaiser Sea was indicated in drawings by 
Hooke and Huyghens more than 200 years ago. 

Tke following papers were announced : — Two papers by Herr 
J. Plassmann — the first on " Algol," the second on " \ Tauri ; " 
Mr. Espin on " Three new Eed Stars;'' Mr. Monck on "The 
Connection between Meteors and Comets ; " Mr. J. Webb on 
" The Observatory of the late Mr. James Nasmyth." Two papers, 
" Observations of the Spectra of the Sun-spots," by the Eev. A. L. 
Cortie, and " Some Notes on the Solar Prominences of 1890," by 
Mr. J. Evershed, Jun., were postponed to the next meeting. 
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ANNUAL MEETING OJF THE EOTAL 
METEOEOLOGICAL SOCIETY. 

Wednesday, January 21. 

Me. W. H. Dines, B.A., Vice-President, in the Chair. 

Db. Teiph read the Eeport of the Council, which stated that the 
progress of the Society during the past year had been of a satis- 
factory character. Among the investigations carried on by the 
Society are the following : — The organization of a large number of 
meteorological stations, the observations from which are examined 
and reduced by the staff and printed in the ' Meteorological 
Eecord ' ; the regular inspection of these stations by the Assistant 
Secretary ; the collection and discussion of Phenological Ob- 
servations ; and an enquiry into the Thunderstorms of 1888 and 
1889. An Exhibition of Instruments is held annually in March. 
During the year, a complete Catalogue of the Library extending 
to 222 pages, has been compiled and published. The Library has 
so much overgrown the present limited accommodation, that the 
Council have been obliged to consider the question of obtaining 
more commodious rooms, and have consequently inaugurated a 
" New Premises Eund,*' which is being well supported by the 
Eellows. 

After the adoption of the Eeport, the Officers and Council for 
the ensuing year were elected. 

At the Ordinary Meeting the following papers were read : — 

1. " Note on a Peculiar Development of Cirrus Cloud observed 
in Southern Switzerland," by Mr. E. H. Scott. 

2. " Some Eemarks on Dew," by Col. W. E. Badgley. These 
are notes on observations which were made to discover whether all 
dew is deposited from the air, or if some also comes from the earth 
and plants, and also what quantity is formed during the year. 
The conclusions which the author deduces from his observations 
are : — (i) that the earth always exhales water-vapour by night, 
and probably a greater quantity by day ; (2) that the quantity of 
water-vapour given off by the earth is always considerable, and 
that any variation in the quantity is mainly due to the season of 
the year ; (3) that the greater part df the dew comes from the 
earth-vapour ; and (4) that plants exhale water-vapour and do 
not exude moisture. The total quantity of dew collected on the 
author's grass plates in the year was 1*6147 inch. 



Celestial Spectrum Analysis *. 

The Potsdam observers have long been honourably known as 
astrophysicists who are also in the strictest sense astronomers ; 

* Die ' Spectralanalyse der Q-estime. Von Dr. J. Scheiner. Mit einein 
Vorworte von Professor H. 0. Vogel. Leipzig : Verlag von Wilhelm Engel- 
mann, 1890. 
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and the literary embodiment of the activity of Potsdam on its most 
significant side, now offered to the world by Dr. Scheiner, shares 
the same satisfactory character. His work is thoroughly scientific. 
The reasonings contained in it are logical deductions from estab- 
lished principles ; the facts are in general stated with the utmost 
practicable definiteness. Disagreements of fact with theory where 
they exist (and they are, in the present state of knowledge, in- 
evitable), are honestly, if at times somewhat regretfully, allowed to 
be seen. They must indeed be unwelcome to the natural human 
impatience which survives even in the breast of an astronomer ; 
but to serious students, open contradiction between phenomena 
and their theoretical explanation is infinitely preferable to a 
specious conformity, brought about by illegitimate means. 

The methods, too, elaborately described by Dr. Scheiner from 
intimate personal knowledge, are marked, in every detail, by that 
laborious striving towards absolute accuracy through which the 
" new astronomy " has been rescued from the slough of loose 
conjecture and vague identification. The danger was imminent 
that its promising career might there end; since the data it 
afforded were liable to subtly compromising errors of novel kinds 
against which no established safeguards were at hand. But 
enthusiasm, kindled by the splendour of the half-opened prospect, 
combined with the unrelenting intolerance of error traditional in 
the older branch of the science to stimulate ingenuity ; and by the 
separate, often minute efforts inspired by a common impulse 
towards a single end, the situation was saved. 

The results of the victory, up to the present, so far as spectrum 
analysis is concerned, are collected in the work before us. It is 
divided into four parts, of which the first and second deal with 
the subject in its practical and theoretical aspects ; the third states 
the facts ascertained by the means described in Part I. and seeks 
to interpret them by the principles enunciated in Part II. ; while 
the fourth consists wholly of tabulated information. This is 
supplied with most praiseworthy lavishness. A table of lines in 
the visible solar spectrum contains 2614 measured by Vogel at 
Potsdam, besides 1406 further towards the red (here first pub- 
lished), determined by MM. Miiller and Kempf with a large 
E-owland grating from the top of the Sentis, hence with slight 
disturbance from terrestrial atmospheric absorption. Unfortu- 
nately, however, the wave-lengths are given on a Potsdam scale, 
the introduction of which is equally unnecessary and undesirable. 
Angstrom's scale cannot, of course, be permanently retained ; but 
Rowland's is its destined successor, and the multiplication of 
standards should be strenuously resisted. Captain Abney's wave- 
lengths for 590 lines in the infra-red solar spectrum form Table 
II.; Thalen's for 1204 comporents of the iron -spectrum follow ; 
and in Table IV., stars with banded spectra, of both types, are 
jointly catalogued to the number of 994. A classified bibliography 
forms a useful Appendix. 

Among the numerous data included in the body of the work 
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those relating to stellar radial movements have a special interest, 
as affording a conspectus of all extant results of the kind, from 
Dr. Huggins's epoch-makiug experiments, through the long series 
of Greenwich and Rugby visual measures, to the Potsdam photo- 
graphic determinations of twenty-two stars, mostly of the solar 
type. These give an average velocity in the line of sight of loj 
English miles, Aldebaran, with a receding speed of 30^ miles per 
second, being the most rapid of the collection. Arcturus and 
o Cygni come out with the unexpectedly slow rates of approach of 
only 4*9 and 3*7 miles respectively; yet the ascription to the 
former at Tulse Hill and Greenwich of a velocity of about 50 
miles seemed in great measure justified by the plates exposed with 
the first Potsdam apparatus in the early part of 1888 *. A 
practical certainty, none the less, that the star is really lessening 
its distance from us by less than five miles a second, has been 
afforded by Mr. Keeler's independent measurement of the D lines 
in its spectrum on four nights of last summer. The various 
determinations of Procyon also present curious anomalies. Dr. 
Huggins fouud it, in 1867, to be approaching at very nearly the 
rate established for it at Potsdam in 1890 of 6*7 miles a second ; 
w^hile spectrographic impressions of 1888 showed it, in conformity 
with Dr. YogeFs measures in 187 1, as in extremely rapid retreat 
from the Earth. It is to be regretted that the presence of 
such grave discrepancies has not prompted Dr. Scheiner to under- 
take a discussion of them which would certainly have been instruc- 
tive, and might have proved reassuring. 

His postulate that the widening of the hydrogen lines in the 
spectra of Sirius and its congeners is due to their possession of 
very extensive atmospheres, needs proof. The spindle-shaped and 
downward pointed contour of the Dg line, as viewed w^ith a slit 
radial to the edge of the Sunt, emphasizes the risk of dealing 
at all confidently with the causes of spectral distensions. Pos- 
sibly, however, the Algol stars will help to decide the point. Eor 
some of them, such as U Ophiuchi and S Antlise, may turn out 
to be revolving in such close contiguity as actually to leave no 
room for far-spreading gaseous surroundings ; while their pos- 
session by the eclipsing body should be betrayed by fluctuations 
in absorptive action, as yet undetected. 

The opinion, favoured by our author, that bright lines in stellar 
spectra are a mere effect of preponderance in extent of an atmo- 
spheric over a photospheric radiating surface, is obviously irre- 
concilable with the fact, well-ascertained in two noted instances, 
of their variability. Nor can the system of classification, by which 
gaseous stars are attached as three distinct subordinate varieties to 
the three chief spectral orders, be deemed commendable unless it 
be regarded as provisional. No definitive arrangement of them 
should indeed as yet be attempted. 

* Sitzungsberichte, Berlin, March 15, 1888. 

t Vogel, Bothkamp Beob. Heft ii. p. 36; Schemer, Die Spectralanalyse, 
p. 202. 
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On a few of the points touched upon in the valuable treatise 
before us, rectifications suggest themselves as desirable. Thus, at 
p. 242, the relations of aspect and brightness in the Pons-Brooks 
Comet are reversed. JNTormally faint and diffuse, it assumed 
stellar sharpness during its outbursts of light on September 22, 
1883, and January i, 1884*. Moreover, Dr. Huggins's recog- 
nition of the true quality of cometary light as exemplified in 
Winnecke's Comet (1868) ought to have been, but is not, 
mentioned at p. 227 ; while the same observer is credited (p. 214) 
with holding the view, explicitly disavowed by him in 1867 f, that 
the red colour of Mars is of atmospheric origin. Dr. Scheiner 
makes no mention of the blue line at about 469'*'*, recorded by 
Drs. Huggins and Copeland in three planetary nebulsB (Gen. Cat. 
4964, and two in Cygnus). Yet it is of peculiar significance from 
its probable identity with the blue band of the Wolf-Eayet stars, 
as well as with a line temporarily radiated by Nova Cygni. 
Finally, the survival, in a work of such importance, of the nitrogen- 
association of the chief nebular line, is particularly unfortunate 
just now, when the question of its origin is under close investi- 
gation. Dr. Huggins in particular, cited as the leading authority 
for the identification, observed indeed in 1 864 and subsequently, a 
"sensible coincidence" between the green ray common to all 
gaseous nebulae and the brightest air-Hne, but never unreservedly 
adopted a chemical interpretation of an agreement which his own 
later researches have shown to be merely approximate ; and for 
many years past has used the nitrogen-line equally with the 
adjacent lead-line, simply as a convenient standard of reference. 

The occurrence, however, of a few minor blemishes does not 
seriously impair the usefulness of a production which ought to 
serve — either in the original or translated — as a text-book to every 
worker in sidereal physics. The want of such a one, long felt, is 
now ably supplied. A word of praise may be added for the simple 
and straightforward style in which it is written. The vices of 
cumbrousness and complication, too prevalent in G-erman scientific 
literature, are happily avoided ; there are few, or no " wounded 
snake " sentences to be found in it, nor any of the mots d^enflure^ 
which Pascal detested. Some really exquisite reproductions of 
photographed stellar spectra are exhibited in two plates at the end_ 
of the volume. A. M. Clerke. 



Comet-seeking at Bristol. 

The following summary for the last eighteen months may not b& 
altogether without interest, though the results are meagre, th© 
observations having been much interrupted by my ill-health. Th^ 
instrument used was a lo-inch silver-on-glass reflector, powers 32, 
40, and 60, with fields of 75', 65', and 50' respectively. 

* Astr. Nach. Nob. 2553, 2568. t Month. Notices, vol. xxvii. p. 180^ 
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Number of nights of observation 78 

Hours of observation 155^ 

Telescopic meteors observed 141 

New comets discovered i 

New nebulae discovered 10 

During the progress of the work I also recorded 16 brilliant 
naked- eye meteors. It may be worth while referring more fully 
to the individual results. 

Telescopic Meteors, — 1 find that during the last half of the year 
about one meteor per hour is seen in the comet-seeker, but during 
the first half the number is more scanty, the average being one in 
two hours. This accords with the relative frequency of naked-eye 
meteors, and pi;oves that the two classes of these objects are 
identical as regards the variations in their distribution over the 
year. My former estimate that telescopic meteors are more 
frequent than naked-eye meteors in the proportion of about 22 to 
I, is confirmed by these recent observations. The opinion that the 
former are at great heights in the terrestrial atmosphere, appears 
very probable from their slow motions and short courses. Many 
of them exhibit curved paths, though this feature is not often 
marked in regard to naked-eye meteors. 

N&iv Comet, — Comet c, 1890, was discovered on July 23. It 
was a small faint nebulosity, in about 228° +78°, and moving 
southwards nearly 1° per day. It was seen at Nice on July 24 
aod 25, at Mount Hamilton on July 25, and at many other 
observatories. The perihelion was attained on Sept. 24, at which 
time the comet was situated near h Serpentis, and nearly twice as 
bright as on the date of discovery. Prof. E. E. Barnard, with the 
1 2 -inch refractor at the Lick Observatory, made a valuable and 
numerous series of observations extending over the period from 
July 25 to October 6, and his results were published in No. 228 of 
Gould's ' Astronomical Journal.' Prof. Barnard notes that " the 
comet remained a faint object throughout the observations. In 
July and August it had a small stellar nucleus of the 13th magni- 
tude, and a faint diffused tail." Prof. Lewis Swift, with the 
16-inch refractor at Kochester, N.T., observed the comet on three 
occasions, and says that " it had a short, broad tail." Prof. W. E. 
Brooks, with the lOg-inch refractor at Phelps, N.T., saw the 
comet on August 12 and 16, and found it " faintish but not diffi- 
cult." A parabolic orbit satisfies the observations. After its peri- 
hehon the comet passed rapidly into the southern hemisphere. 

New Nehulce, — Ten new nebulae were discovered, all of them in^ 
or on the borders of, Camelopardus, and not far from the north 
pole. A Hst of these objects was given in the • Monthly Notices ' 
of the E.A.S., December 1890, p. 96. Eight of the nebulae 
enumerated are tolerably conspicuous with a power of 60, and 
might be seen with a much smaller aperture than 10 inches. I 
met with no new nebulae in places far distant from the pole, and 
there is no doubt that the circumpolar region is a promising ono 

TOIi. XIV. H 
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for further discoveries. It appears to have been much neglected 
owing to the difficulty of using large equatoreals upon it. Other 
portions of the firmament have been pretty thoroughly swept, and 
there are comparatively few nebulae (plain enough to be picked up 
with the instruments and powers usually employed in comet- 
seeking) that stiQ await detection. The space surrounding the 
pole certainly needs a closer examination than it has hitherto 
received, for although the more prominent objects are already 
catalogued, many others must remain which are fairly distinct in 
moderate apertures. 

It is often the case that several nebulae are clustered near to- 
gether. Whenever a new one is discovered the surrounding region 
should therefore be carefully surveyed in search of others. The 
space immediately outlying known objects may .also be regarded 
as prolific ground for new discoveries. Several of the nebulae 
recently discovered at Bristol are close to known objects ; thus, on 
Nov. 7, 1890, 1 encountered TempeFs pretty large, pretty bright 
nebula at E.A. 7*^ 5"* 24% N.P.D. 9° 34-6 (N.G.C. 2336), and on 
examining the region near, soon aUghted upon another, 22' SSf., 
which had been previously overlooked. I find that after several 
hours of comet-seeking, faint nebulae, scarcely obvious at the com- 
mencement of work, become very easy objects, the eye being in a 
much better condition to receive feeble impressions. 

Naked-eye Meteors, — Several fireballs and bright flashing meteors 
were seen casually, and their paths registered with as much accu- 
racy as circumstances allowed. Some of these meteors were 
recorded at other places, but the published descriptions are not 
sufficiently definite to enable their real paths to be ascertained. 
If telescopic observers would always pause to record the large 
meteors which occasionally obtrude on their attention, we should 
soon possess a valuable mass of materials. Nearly all the fireballs 
escape satisfactory investigation owing to the lack of details in the 
accounts of observers. The apparent course amongst the strs 
and the dm^ation of flight should always be given as correctly as 
possible. W. F. Denning. 

Bristol, 1 89 1, Jan. 9. 



The Chromosphere in 1889 and 1890. 

The following tables taken in conjunction with the corresponding 
table for 1888, communicated to the ' Observatory ' by the late 
Father Perry (March 1889), show that the period oi: least dis- 
turbance of the chromosphere covered the 12 months of the year 
1889, at least so far as the small number of observations allow. 

A marked change appears in January 1890, with a decided 
tendency to a rapid increase of activity, especially in extent, on the 
limb. But unfortunately the l^et two months of the year 
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were lost through the excessive cloudiness of the season and the 
iU-he&lth of two assistants. 

The n^ean height of the chromosphere remmns, as has been 
»lre»dy noted in past years, vei^ constant ; but it is not without 
local variations. The range or difference between the highest and 
\mest measurenienta of the chromospheric depth was between 
1" and 3" of arc on eight days, and between 3" and 4" on two days 
of 1889. And in 1890 we find the range between 2' and 3" 
on nine days ; between 3" and 4" on four days ; between 4" and 
5" on two days J between 5" and 6" on three days ; and between 
6" and 7" on three days. 

Occasionally an extended depression of tbe chromosphere has 
been observed near the solar equator. In 1889 this depression 
was noted, in the same locality, on the znd, gth, 6th, and 7th of 
May. And assuming that the depression remained continuous 
during the interval of five days, ita area was very great, having a 
mean extent in latitude'of 40° and a total length in longitude not 
W than 66°. Another extensive depression is recorded for May 23, 
H, and agun for June 6, 8. In 1890 we find two coexisting de- 
Pnasions at the b^inning of April between the ist and 4th Stj— 
°»e on the preceding, the other on the following limb. 

StoDjliurSt College Obeervator^. WaI/TEB SiDOBBATEB. 

The CliTomotphtre in 1889. 
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The Great Eccentricities of the Stellar Orbits. 

The marked contrast between the atnall ezcentricities of the 
orbits of the planetary system and the high excentricities of the 
orbits of binary stars is veW known. The arithmetic mean ec- 
centricity of 50 of the best stellar orbits hitherto computed is 
nearly five-tenths, while the mean eieentricity for' the planetarv 
orbits is less than one-tenth of this fraction. The highest steUar 
eccentricity known is that of the orbit of y Virginis, which is 
nine-tenths, or almost as high as that of the orhit of Halley's 
comet. Beyond question these great excentricities have been 
developed by the continual action of some physical cause. A 
rigorous dynamical investigation, too long and difficult t« detail 
here, has led the writer to the conclusion that thi; great ezcen- 
tricities observed have arisen from the continual action of tidal 
friction. It is not difficult to show that where the time of revo- 
lution exceeds that of rotation the excentricity of the orbit will 
generally increase. And the great importance of the action of 
tidal friction in the binary systems will be evident when we 
remember that these are systems composed of two stars very 
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Table of BinAry Orbits, sbowing Eieentricities. 
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to show bevond doubt that the secular action of tidal friction 
has been of the highest importance in the history of binary 
lyBtems, From this researcli it appears most highly probable that 
a binary star was formerly a single nebula, that it apht up into a 
double nebula, and that finally the double nebula aepnrated into 
two comparable masses, whence by the continual operation of tidal 
fnetion the components were wound off to a great mean distance, 
where they continue to revolve in an orbit greatly enlarged and 
made very excentHc by the action of tidal friction in the bodies of 
the stars. It is remarkable that if the separation has taken plaoe 
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in this way — which would imply that both stars rotate in the same 
sense in which they revolve — the tidal reaction of either star tends 
to increase both the mean distance and the excentricity of the 
orbit. The rigorous mathematical method by which these con- 
clusions have been reached will be published in due time; the 
object of this note will have been achieved, however, if it serves to 
indicate the great importance of the action o{ tidal friction in a 
system of two large fluid bodies compahible in mass, and to point 
out to astronomers the physical meaning of the hitherto per- 
plexing high excentricities of the stellar orbits. The binary 
systems are therefore radically different from the solar system in 
two respects : — 

1 . The high excentricities of their orbits. — ^A table of 50 of the best 
orbits presents every phase of elongation from almost planetary 
circularity, on the one hand, to an excentricity almost equal to 
that of Halley's comet on the other. 

2. The relatively large mass-ratio of the components of a system, — 
This latt^er characteristic ensures great predominance to the tidal 
forces, more especially in past ages when the stars now widely 
separated were closer together and more expanded in volume. It 
is also to be observed that where the masses are comparable, either 
star exercises an important tidal reaction on the other, and this 
renders the investigation of their history very difficult. In 
treating of the binary stars the tidal reaction on the system 
arising from the rotation of the smaller body caunot be neglected* 

Finally, the writer begs to add that the research into the history 
of the binaries has led him to intei'esting conclusions respecting* 
the process by which a single nebula splits up into two comparable 
masses, and the system eventually develops into a binary star. 
A discussion of this process will, however, be reserved for another 
article, and at present we may merely remark that the general 
process of cosmic evolution seems to be that exemplified in the double 
nebulae and the binary stars. The development of the solar system 
seems to have been an exception and not the rule. From these con- 
siderations the writer would venture the opinion that investigators 
of cosmogony who have looked upon the solar system as typical 
of the general process of cosmic development, and proceeded 
therefore to investigate stellar evolution in general, have pursued 
an erroneous path. Any safe basis for cosmical speculation must 
be reached through a study of the binary systems and not through 
an investigation of our own remarkable planetary system. All the 
stellar systems hitherto discovered are radically different from our 
own ; and we may even affirm that if systems such as the planetary 
system exist in the heavens, they have at least not yet been dis- 
covered. So that whilst we do not say that there are no other plane- 
tary systems — composed of one great central body surrounded by 
insignificant planets — we have at least no knowledge of such, and 
can merely affirm that all the known stellar systems are of an 
entirely different character. If the conclusions here indicated be 



J 



Feb. 1891.] Selenographical Notes. 95 

correct, and there seems to be no doubt in the minds of several 
astronomers to whom the writer has presented the original work, 
we perceive that no small amount of new light vsdll be thrown 
upon many points of stellar cosmogony which hitherto have been 
very obscure. T. J. J. See. 

Umyersity, Berlin, Prussia, 1891, Jan. 20. 



Selenographical Notes. 

LuNAE Photogeapht. — Through the courtesy of Dr. Holden, I 
have received a silver print of an enlargement of a negative taken 
by Mr. Burnham with the great Lick telescope, 1890, August 31, 
^ 14** 27™ P.S.T., which may be regarded as the most successful and 
valuable work of its kind which the camei^a has yet accomplished in 
the field of selenography. It represents that portion of the Moon's 
surface extending from Cieomedes on the north to VendeHnus A on 
the south ; on the west the evening terminator grazes the west wall 
of Langrenus and the western side of the Mare Crisium, while on 
the east the picture includes Isidorus and Romer. It is the result 
of an enlargement of three times of the original negative, and shows 
the Mare rather more than two inches in extreme length. In spite 
of the inevitable exaggeration of half-tones, the profusion of objects 
on the complicated border and on the eastern side of the floor, with 
Pierce, Pierce A, and the light streaks, is shown with marvellous 
fidelity. Taruntius, with its inner concentric ring, Macrobius with 
the detail on its floor and wall, the triple central mountain of 
Cieomedes and the associated group of craters (A) on the northern 
quarter of its interior, and other depressions within its border, are 
also brought out with extraordinary sharpness. The magnificent ring 
Langrenus on the evening terminator is likewise reproduced with 
admirable distinctness. Messier and Messier A, with the comet-like 
streaks on the east of the pair and the surrounding craterlets and 
faint markings, show what may l)e done with respect to objects of 
a smaller and more delicate type. This print leads one to hope 
that the achievements of the camera in the future may surpass the 
most sanguine expectations, though we may have long to wait ere 
it "succeeds in portraying delicate clefts and other minute detail 
revealed to the eye. 

Santbboh. — ^The bright plain lying between Fracastorius and the 
southern end of the Mare FoBCunditatis is remarkably deficient in 
features of interest, Santbech being the only formation of any size 
or prominence which diversifies an otherwise barren region — a cir- 
cumstance which perhaps renders this ring-plain more noticeable 
and imposing than would be the case if there were other conspicuous 
objects associated with it. It is a noteworthy formation, neverthe- 
less, some 50 miles in diameter, presenting, both at sunrise and 
sunset, a fine picture with a moderately high power, and exhibiting 
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maDj interesting features to the selenographer, though in many 
respects it is seen to best advantage when the Sun is setting. Under 
these latter conditions, there are few formations of its class which 
afford a more instructive example of a wide glacis or counterscarp, the 
slope of the eastern wall extending at least six or seven miles before 
it finally makes junction with the surrounding plain. The irre- 
gularity of the line marking the union of slope and plain is also 
worthy of note, especially on the norfch-east, where it displays 
a scalloped outline, due doubtless to the shape of the ground. On 
the south and south-east the slope runs out to a distance of at least 
ten miles from the summit of the wall, and exhibits indications of 
landslips in two or three places. Neison gives the height of this 
wall as 15,1 13 feet above the interior — a measurement which, 
shough some 2000 feet in excess of Schmidt's value, affords a slight 
idea of the vast scale on which it is raised. The west wall approaches 
10,000 feet in altitude, so that this formation may be classed among 
those which have the loftiest borders. Near the summit of the east 
wall stands a bright large crater of no great depth, which is not 
shown by Neison, and drawn much too far to the north by Madler, 
if the prominent object he shows on the north-east side of the ring 
is intended for it. At the foot of the northern outer slope of the 
border is a large horseshoe-shaped cavity, like a deep crater, >^*ith 
its north wall destroyed; and adjoining this on the north is a 
complete crater, somewhat smaller, standing at the southern end of 
a wide valley leading towards Colombo. It is very strange that 
neither Madler nor Neison show a trace of the large bright depres- 
sion which figures on or very near the summit of the giant peak on 
the west wall, as, at sunset especially, when this wall is on the ter- 
minator, it is so conspicuous, through causing a notable projection 
in the black shadow, that one would think it could not possibly be 
overlooked. The abnormal darkness of the tone of the monotonous 
plain on the east of Santbech under a low evening Sun and the 
brightness of the same area under a more vertical illumination is a 
phenomenon awaiting explanation. There is no doubt as to the 
fact. Though the plain is undoubtedly devoid of any lofty hills or 
even ridges of magnitude, there are many low mounds and minor 
irregularities, but nothing apparently which can account for the 
district resembling a Mare in colour for a few hours under an 
oblique light and a bright highland at other times. Santbech c is 
a very small ring-plain on the south-east, worth examining, with 
a minute crater on its western flank. North of this are two short 
crater-rows, each consisting of three craters Adjoining the west 
side of that nearer Santbech is a curious large, dark, ill-defined spot 
of a doubtful nature ; and between this and Santbech two larg^ 
circular depressions, resembling ** veiled rings," which give one the 
idfea that they have been partially obscured by subsequent deposits 
of some kind or other. Thos. Gwyn Elgeb. 

Beaumont House, Shakespeare Koad, 
Sedford, 1 891, Jan. 16. 
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CORRESPONDENCE. 

To the Editors of * The Observatory.' 

U and T Tauri. 

Qentlembn, — 

Reference is made in Miss Gierke's charmingly written 
volume 'The System of the Stars' (p. 183) to a star which his 
observations in 1862 led the late Mr. Baxendell to regard as 
variable with a range of rather more than a magnitude, and which 
was lettered by him U Tauri. The star in question is D.M.-f 
i9°7o5, 9*4 mag., its place for 1855*0 being R. A. 4** i3™2o"*9, Deci. 
-fi9° 28''i. The star was first observed by me on Nov. 30, 1863, 
when I thought it to be of about 9 magnitude. After observing 
it occasionally in the several following years as a single star, I 
found it on Dec. 4, 1867, to be a moderately close double, the 
components equal or nearly so, and measures "in^ith the filar 
micrometer on Dec. 5, 1867, and Eeb. 6, 1868, gave P=22°'io or 
202°*io and D = 3"*io, the measured distances being larger than 
my estimates had led me to expect. From a note on p. 3 of 
Schonf eld's 'Zweiter Catalog von veranderlichen Sternen,' the 
star appears to have been seen double by D'Arrest in the same 
year, 1867, and observations by Prof. Schonfeld, and Dr. Tietjen 
with the Berlin refractor on March 21, 1871, gave an estimated 
distance for the components of 4^'', with position-angle 190°, the 
southern star being slightly the fainter of the two. 

I have had the star under occasional observation up to the 
present year, and have generally noted the magnitude of the 
components, viewed with a low power as one star, about 9*4, 
occasionally a few tenths brighter. There is no decided colour, 
with the exception of an observation on Oct. 19, 1^67, when I 
have the note '* slightly ruddy." The components have genierally 
appeared to be very nearly equal in magnitude, though the s.p. star 
has on many occasions been rated as slightly the larger. On 
two occasions only, Oct. 15 and Dec. 2, 1879, has the n.f, com- 
ponent appeared slightly the brighter of the two. On Dec. 12, 
1888, the s.p. star was noted " slightly ruddy." Assuming 9*4 as 
the combined magnitude of the pair, the magnitude of each 
component would be about io'2. So far as my own observations 
are concerned there would appear to be no decided evidence of 
change in the magnitude of the star, and I believe that the late 
Mr. Baxendell was inclined to doubt whether there may not have 
been some error in his earlier observations. I hope, however, to 
keep it under occasional observation. 

About 17' to. the south of XJ Tauri, lo* /. lies Hind's 
remarkable variable T Tauri, D.M.-|-i9°'7o6, closely associated 
with a variable nebula, some int^eresting observations of which 
made by Mr. Burnham with the 36-inch refractor of the Lick 
Observatory are printed ia the December number of the ' Monthly 
Notices.' T Tauri has a magnitude range of from 9*4 to 13*5 or 
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14, but no regular period has as yet been detected. I have had it 

under observation, with greater or less regularity, for the past 

twenty-seven years (with a gap of four years, 1 873-1 876), and can 

only describe its changes as " irregular," unless the period is one of 

some years' duration, with minor fluctuations on the rising and 

falling curve. During the years 1877-188 2 the star appears to 

have fluctuated about a maximum, with range 9*4 to 10 mag., and 

its tint was then noted by me " slightly ruddy," " ruddy," 

" ruddy lilac," " lilac," and once " bluish white." It has since 

gradually declined in magnitude and is now near minimum. Its 

magnitude was noted 13*4 on Jan. i of the present year. I have 

never seen any certain trace of Hind's nebula, but on two occasions 

in 1877 suspected a minute glimpse star near the place. The 

collection and discussion of all available observations of T Tauri 

might perhaps lead to some more definite conclusion in regard to 

its period. Yours faithfully, . 

KnowleB Lodge, Oackfield. Geqbgb Kkott. 

1891, Jan. 16. 

■ 

Parallax and Velocity of Double Stars. 

G-BTTTLBMBN, — 

My attention has been lately directed to a pa-per in the 
' Monthly Notices ' of the R.A.S., May 1874, in which Prof. Niven 
shows how the parallax and relative velocity in the line of sight 
of a double star are connected with the elements of it* orbit. As 
I have already published two papers on the same subject, one in 
the 'Proceedings of the Royal Irish Academy,' May 1886, and the 
other in the ' Monthly Notices,' March 1890, in which I have given 
formulae almost identical with those of Prof. Niven, I should like to 
be the fir?t to draw attention to the coincidence. 

At the time of writing I thought that my geometrical exami- 
nation of the question had at least the advantage of novelty ; and 
though I may perhaps venture to hope that my method of ap- 
proaching the question being slightly different from that of Prof. 
Niven will be considered not wholly without value, and that my 
figures,' as being based on more recent and more trustworthy data 
may be more reliable than his, I doubt if I should have ventured 
to publish either one or the other had I been aware that I was 
on an already beaten track. 

Dunsink, Yours faithfully, 

1891, Jan. 19. AbthFE a. EaMBAXTT. 

Uncatalogued Comets, 

GENTIiEMEN, 

A perusal of Calvisius indicates two or three comets that 
seem to have escaped notice in our Catalogues. 

A.D. 535. "Hac hyeme, cum sol in Caprieorno esset, ingens 
cometa apparuit in Sagittario." 



Feb. 1891.] Observatories. 99 

A.D. 599. " Cometa hoc anno apparaifc." No comet mentioned 
even in Williams's Chinese Ust from a.d. 594 to a.d. 607. 

A.D. 1505. '' Cometae bini annotantur hoc anno; primus appa- 
rait 12 Aprilis, alter mense Augnsto." Chambers mentions one in 
Aries this year, but here we have mention made of two. 

To these might be added ^' the star of marvellous size with one 

single ray," described by Matthew, of Westminster, as seen in our 

land in a.d. 497. [See ' Journal of British Astr. Assoc.,' Nov. 1890, 

p. 80.] Faithfully yours, 

Melplash Vicarage, Dorset, S. J. JOHNSON. 

1 89 1, Jan. 8. 



OBSERVATORIES. 

Stonthurst. — An interesting paper by Father Cortie on Sun- 
spot Observations made at Stonyhurst in the years 1888-89 
appears in the last number of the * Monthly Notices.' The last 
important contribution to Astronomy which came from this 
Observatory was the late Father Perry's memoir on photo- 
graphs and drawings of the Sun (Mem. R. A. S. vol. xlix.), in 
which he showed so well how there is room for new workers in an 
apparently well-occupied field. We may remark in passing that 
a meeting of the Father Perry Memorial Committee will be held 
on Feb. 13, before the Annual Q-eneral Meeting of the R. A. 8. 

Father Cortie's work has been thorough and painstaking. He 
sums up his conclusions under 20 heads, and it seems scarcely 
necessary to reproduce them here. 



Rro DB Jaiteibg. — ^Volume IV. of the ' Annales ' has been 
published in two parts, dated 1889, though we have only lately 
received them. The second contains meteorological observations 
only. The first, of 1 26 pages quarto, contains three sections, viz. : — 
(i) an essay on the distribution of asteroids, written ia 1879, in 
which it is argued that these bodies may be the fragments of a 
planet split up, not by one, but by several catastrophes at different 
points of its orbit — these catastrophes being cometary encounters, 
of which there is evidence in the distribution of the orbits-; (2) an 
account of the observations of the transit of Mercury in 1878, 
previously published ; (3) micrometric measures of doable stars. 

Observations of southern doubles are not very numerous, so 
that it was with some pleasure we found that M. Cruls had 
devoted a considerable time in the years 1879-80 to their measure- 
ment with his o"*25 refractor. Alas! not more than 5 per cent, of 
the measures are of permanent value. It is, we believe, generally 
recognized that measures of new doubles over 30" apart are of very 
small value. W. Struve limited the distance to 32", and 0. Struve 
still further reduced it to 16". Other observers have certain 
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restrictions, but perhaps Burnbam's scale is the safest. A com- 
parison of the measures before us with /3's limits will give some 
idea of our disappointment. Column i gives the magnitude of the 
principal star; col. 2 Burnham's limit of distance ; col. 3 the mean 
distance of stars measured by M. Cruls ; col. 4 his max. and min. 
distances; col. 5 the number within limit; col. 6 those outside 
limit. 
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There are a few measures of a} and a* Centauri, w Lupi, and 
Hg 5014. We greatly regret that M. Cruls did not spend the time 
on more interesting stars. T. L. 

EousnoN. — Mr. Peek reports that 1890 was on the whole a 
favourable year, always excepting December. Transit observa- 
tions were taken on all available occasions, and the time service 
was fully maintained. The number of observations of the selected 
24 long-period variables shows a steady increase, being 451 for 
1890, as against 123, 284, 332, and 444 for previous years from 
1886. 



PUBLICATIONS. 

AsTEONOMiOAL Lessons *. — A little book of 130 pages, written 
in a simple style, and well adapted for the purpose indicated on 
the titlepage. There are 19 separate chapters, which thus occupy 
only a few pages each. That on nebulsB, for instance, barely filis 
two. The author has thus endeavoured to avoid confusing the 
tender minds of his readers — an admirable object to keep in view. 

* Astronomical Lessons, or Chapters on the Elementary Principles and 
Facts of Astronomy, for the use of Students and Young People. By J. E. Gore, 
F.BA.S., &o. Sutton, Drowley, & Co. 1890. Price 38. 6^. 
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We could wish, however, that Mr. Gore in his efforts to be 
simple had not been quite so slipshod. Here are a few of his 
expressions : — " The bounding-line of the horizon " (p. i6) ; " that 
any such appearance could ever be seen " (p. 17). *' Eor a sphere, 
when the source of light is a globe larger than the sphere (as in 
the case of the Sun and Earth) the shape of the shadow is always 
a cone" (p. 76). [What is the difference between a globe and 
sphere? and why not state the proposition more completely?] 
" The shape of its (Mars's) orbit is, however, more elliptical than 
that of the Earth. For this reason it is sometimes much nearer to 
the Earth than at others, and consequently varies considerably in 
brilliancy at different oppositions." [A young person might easily 
be misled into thinking that with circular orbits Mars would be 
always at the same distance from the Earth.] 

We believe it is somewhat a new departure for Mr. Grore to 
deal with mathematical rather than purely descriptive astronomy ; 
and he may think the above sentences clear enough for the purpose. 
But they jar on the nerves of those accustomed to look for accurate 
expression in such work. 



Meridian Photometry. — Vol. xxiv. of the Harvard Annals 
contains the results of observations with the meridian photometer 
in the years 1882-1888. We are referred to Vol. xxiii. '(\fhich, 
however, is not yet to hand) for a discussion of these results, the 
present volume being simply the Catalogue, with a few words of 
introduction. It will be remembered that Volume xiv. of these 
Annals was called the * Harvard Photometry' (H.P.), being a 
catalogue of the magnitudes and approximate places ot* 4260 stars of 
the sixth magnitude and brighter. After the completion of this 
work a new meridian photometer was constructed, with object- 
glasses 4 inches in aperture instead of 2. The £eld was 40' in 
diameter, and the magnifying-power employed was 28. By its 
means stars of the ninth magnitude could be readily observed, and 
those of the tenth could be measured under favourable circumstances. 
The principal work undertaken with this new instrument was the 
determination of the magnitudes of a sufficient number of stars 
contained in the Durchmusterung, and distributed with approximate 
uniformity, to serve as standards of reference for future estimates 
or measiires of magnitude. The result is the present catalogue of 
20,982 stars, which may be designated H.P. (2) or perhaps M.P. 
(Meridian Photometry) ; though the latter combination of letters 
has already a baser use on this side the Atlantic. The work is 
obviously excellent both in quantity and quality ; and we learn 
with some surprise and admiration that two-thirds of the observing 
was done by Prof. Pickering himself. The reductions and the other 
third of the observing are due to Mr. Wendell. We look forward 
with great interest to the appearance of the discussion in Vol. xxiii. 
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NOTES. 

Comets Zosa. and Spitalbe. — We have perhap8 not called suf- 
iieient attention to the strange coincidence hy which one comet was 
discovered when looking for another within a few minutes of the 
place in which the already known comet really existed. Our con- 
temporary the * Sidereal Messenger ' reprints from the ' San Fran- 
cisco Examiner ' a note by Mr. Barnard on this unprecedented occur- 
rence. It will be remembered that Dr. Spitaler on 1890 Nov. 16, 
when looking for the comet discovered by ftof . Zona on the previous 
evening, found what he at first supposed to be Zona's Comet ; and 
afterwards swept into the same fiela the real object for which he 
was looking, which was subsequently found to have no physical 
connection with the one he first observed. " There is no record of 
any two comets, not physically related, ever having been seen within 
a degree of each other. . . .These two comets are being (Dec. 10) 
regularly observed at the Lick Observatory. Neither is bright. 
Spitaler's is exceedingly small and faint — the merest speck of haze 
moving slowly among the stars/' In No. 232 of the Astr. Journal 
the Eev. G. M. Searle computes elliptic elements for Comet 
Spitaler, with a period of about 13 years. "The elements are still 
of course quite rough ; but it would seem probable that the period 
is such as to place this comet among those subject to special per- 
turbation by Saturn, and possibly brought into one system by that 
planet.*' 

A MoNTiMENT TO Fabbicius. — In the churchyard of the village 
Osteel, in the north of Holland, is a weather-worn gravestone 
bearing the legend "Anno 161 7 d. 7 May is de wiirdige un wolge- 
leerde Heer David Fabricius, Pastor un Astronomus tho Osteel, 
van eenen geheten Frerik Hoyer jammerlyken vermoordet in't 
Jaer 53 sines Olders." The Naturforschenden G-esellschaft pro- 
pose to erect a more lasting monument to this great man, and have 
headed the subscription fist with 100 marks. Further contribu- 
tions (up to 189 1, May i) will be gratefully received by Herr 
Kaufmann Peter de Jonge, Gr. Osterstrasse, Nr. 46, Emden, 
Ostfriesland. 

It is curious that Newcomb, speaking of Fabricius (Pop. Astr. 
2nd ed. p. 250) and his early observations of the solar spots, 
says that he was " otherwise unknown to astronomy," forgetting 
apparently his discovery of the variability of Mira Ceti. This, 
according to Wolf, was made known in a letter to Tycho Brahe. 
Kepler gives the date of Fabricius's observation as 1596, Aug. 13 
(N.S.), when he saw it as 3rd mag., and in October of the same 
year he noticed that it was no longer visible. 

DoiTBLB Staes. — No. 2978 of the Astr. Nach. contains a very 
useful series of measures, by Prof. Hough, of 107 double stars and 
also of 94 new doubles. Three, at least, of the latter (Hough 194, 
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2IO, 225) ought to receive special attention from possessors of 
iarge telescopes. The measures were made partly in the city of 
Chicago at the old site of the Dearborn Observatory, and the more 
recent (since August 1889) at the new site in Evanston, Illinois. 
The refractor is of iSj-inch aperture. 



On Thursday, Jan. 29, Prof. George Darwin delivered the 
IKakerian Lecture at the Eoyal Society on tide prediction. Ho 
laremarked that 50 years ago, Whewell had delivered a Bakerian 
ZLecture on the same subject. Since then, our knowledge of the 
ethods of analyzing and computing tides had greatly advanced, 
hough we had still much to learn about the actual tides them- 
jselves. Whewell, for instance, did not realize that the tides in 
'^h.Q North Atlantic, such as we were accustomed to in Europe, 
"^vere quite abnormsd, and that in all the rest of the world the 
^iiumal tide was not insensible. For this reason the simple tide- 
"tables such as are used in Europe could not be formed ; or, if 
zformed, are practically useless. A much more elaborate calcu- 
Hation must be made and expense was unavoidable ; it remained 
only to consider how the expense might be minimized. The tide- 
3)redicting machine, depending on the method of Harmonic 
Ajialysis, devised by the President (Sir W. Thomson) in 1872, 
would draw a curve representing all the tides at any port for every 
day in the year in about four hours ; but then the daily measure- 
ments of this curve must be made and verified ; and the cost of the 
machine was several thousand pounds ; so that the annual charge 
for supplying a port with tables for every day in the year was still 
necessarily somewhat high. Again, only one of these machines was 
in existence, and other governments might be deterred by national 
pride from sending to London for their predictions. The lecturer 
had accordingly devised a method of supplying to any port which 
would incur the expense of its computation a general table, appli- 
cable for all time, by means of which any one with an elementary 
knowledge of the ' Nautical Almanac ' might, in a few minutes, 
compute two or three tides for the days on which they were re- 
quired. The general table might be constructed so as to furnish 
results of varying degrees of accuracy, with corresponding dif- 
ferences in the expense incurred. The less elaborate form of table 
would be suitable in cases where existing observations of tides 
were not numerous or very accurate ; for it was of course from 
existing tidal observations at the port that the general table was 
to be constructed. 

After some congratulatory remarks from Commander Creake on 
behalf of the Hydrographer, and from the President, a cordial vote 
of thanks to Prof. Darwin was passed. 



The . LiVEitPOOL Astbonomical Society. — This Society held 
its fourth ordinary Meeting on Monday evening, January 4, at 
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half-past seven o'clock, in the Eoyal Institution Booms, Colquitt 
Street, Liverpool. Captain Jeffery, r.E. Met.Soc, occupied the 
Chair, in the absence of the President, who was on the Continent. 
The attendance was small, owing doubtless to the very severe 
weather. The papers will appear as usual in the Journal. 

Arrangements have been made to place the Society's very valuable 
library in the Royal Institution ; as yet, no definite arrangement 
has been made for the housing and use of the Eowlauds Telescope. 



Wb notice the recent death of John Hampden, a curious ex- 
ample of a man with a crank. In other matters of common life 
quite reasonable, he was converted by " Parallax " to the belief 
that the Earth was flat ; and this he maintained with unflagging 
ene] gy till his death. If ever a man consistently acted up to the 
mot to " What I sez, I sez ; and what I sez, I sticks to," it was 
Mr. Hampden ; he not only said the Earth was flat, but proclaimed 
it, and wrote it ; and abused others for not believing it ; and swore 
it ; and at last bet upon it, losing his wager ; but still swore it. 
His language on the subject was powerful. He was one or those 
who regularly address the Astronomer Royal, and the most violent 
of them. There is another regular correspondent who behoves 
himself tied to Satan for some indefinite period, and who gra- 
phically describes his experiences ; but his command of extrava- 
ganza is as nothiug to Mr. Hampden's. Peace to his uneasy soul 



The Council of the Eoyal Meteorological Society have arranged 
to hold, at 25 Q-reat George Street, Westminster (by permission of 
the Council of the institution of Civil Engineers), on March 17 
to 20 next, an Exhibition of Eain-Q-auges, Evaporation-Gauges, 
Percolation-Gauges, and kindred Instruments. The Exhibition 
Committee invite co-operation, as they are anxious to obtain as 
large a collection as possible. 

The Committee will also be glad to show any new Meteorological 
Instruments or apparatus invented, or first constructed, since last 
March ; as well as Photographs and Drawings possessing Meteoro- 
logical interest. 

Persons willing to co-operate in the proposed Exhibition should 
furnish (not later than February 10) a list of the articles and an 
estimate of the space they will require to Mr. WilUam Marriott, 
at 30 Great George Street, Westminster. 

We are requested by the executors of the late Mr. Kullberg 
and by Mr. James Poole to contradict the rumour that Mr. Poole 
has taken over the business of Mr. Kullberg, which is being carried 
on by the executors. 

Eeeatum. — No. 171, p. 64, line 6 from bottom, for '* Er. Hill's " 
rmd " Er. Hell's." 
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ANNIVERSARY MRETLNO OF THE ROYAL 
ASTRONOMICAL SOCIETY. 

Friday, February 13, 1891. 

Lieut.-Gen. J. F. Tennant, C.I.E., E.E., F.E.S., 
President, in the Chair. 

Secretaries : E. B. Knobel and A. M. W. Downing, M.A. 

Mr. Downing read the Minutes of the last Anniversary Meeting, 
which were confirmed. 

Mr, Cottam read the Auditors' Report. 

Mr. Knohel, On an examination of the accounts that have just 
been submitted, it will be found that the expenditure for the past 
year has exceeded the receipts by X 134 13*. jd. This is well and 
clearly explained by reason of the extensive alterations which we 
have made in the Library, and which have cost over <£3oo— 
.£249 I2S. for alterations and .£52 3* locZ. for furniture. I would 
desire to call the attention of Fellows to the new room at the top 
of the house, which now forms the New Library, and which I 
think is well worthy of their inspection. From another item in 
the account, it would appear that purchases for the Library havfe 
only amounted to £S 12s. Sd,, but we have had during the past 
year a credit standing to us with a firm of booksellers, in consider- 
ation of soine old non-astronomical 'books which we sold to them, 
and we have bought books to the extent of over £2 1 upon that 
credit, so that the amount of purchases for the Library is really 
^29 14^. yd,, and not £S 128, Sd. as appears. It would have 
been difficult to have included this in the Treasurer's account, but 
the explanation is, I think, due from us to the Fellows. 

The Secretaries then read the Report of the Council. 

Mr. Woodd-Smith, I am very happy to move that the Eeport 
now read be received and adopted, and that it be printed and circu- 
lated in the usual manner, together with the Auditors' Report. 

yoL. XIT. I 
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Mr. Perigal secoDded the motion. 

The Resolution was agreed to. 

The President, The special business of this meeting is Mr. 
Chambers's proposition " that henceforth the Meetings of the 
Society be held at 5 p.m., and that Bye-law 44 be altered accord- 
ingly." 

Mr, Chambers, I should not have troubled the Society with 
another motion on this subject so soon after the last, if you had 
not refused facilities for a poll of the members on the main ques- 
tion. It is the undoubted right of every Englishman and every 
lawfully corporate body to have a poll of absent members. 

Mr. Turner. Sir, is this gentleman in order in questioning 
your ruling? 

The President. I think Mr. Chambers is not in order in the 
the matter ; besides that, T will point out, as a matter of fact, that 
it cannot possibly refer to a case like this. A poll could not be 
had at this Society, except by means which were unknown to the 
common law to which you refer. 

Mr. Chambers, I don't wish to discuss that, but I referred to it 
to explain why I bring the motion up again. I have a perfect 
right to refer to it as a matter of fact. 

Mr. Chambers then proceeded to state the arguments he made 
use of on previous occasions, quoting as precedents for the change 
the Royal Society and the British Astronomical Association. " Our 
meetings are attended by 50 or 60 members out of 600, and if the 
experiment of alteration to five o'clock meetings results in our 
attendance falling off very much, I shall be the first to acquiesce to 
the restoration of the old order of things." 

Hev. A, Freeman. I beg leave to second Mr. Chambers's propo- 
sition. I do not care to appear in the character of a stormy 
petrel, but there is no reason why we should not try this change 
for a year, and it would certainly remove a good deal of objection 
on the part of those who feel that the evening meeting is highly 
inconvenient to them. Our Treasurer made a most important 
observation at the last discussion of this question, when he pointed 
out that to observing astronomers it was certainly a consideration to 
meet in the afternoon rather than the evening. A great number 
of our older members do not find it advisable to attend evening 
meetings and go home late, and I notice that at this afternoon 
meeting a good many are here who do not attend the evening 
meetings. Country members naturally feel that if they attend 
afternoon meetings they are able to go home the same night, 
wj^ereas aftir the evening meetings they are not able to get home 
until II or 12 o'clock next day, and a half -day's work, especially 
on Saturdays, is a serious thing for them. 

I think afternoon meetings would induce a more regular attend- 
ance of serious working astronomers. I do not mean the amateurs ; 
I thought we were not a society of amateurs, but a society of pro- 
fessed astronomers. Do not consider only the interests of the. 
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London members, the barristers and the business men who can 
conveniently attend in the evening, and who will not make any 
sacrifice whatever to oblige the country members and working 
astronomers, but give the project a fair trial for 12 months and 
see if the change of the time of meeting is advantageous to the 
Society. 

Dr, Schuster. At this stage of the proceedings I should like to 
move an amendment which may meet the wishes of the two sides 
and may be of advantage to speakers who come after. I can speak 
in a very impartial way because both afternoon and evening meet- 
ings are equally inconvenient to me. The proposal 1 would make 
is to have meetings alternately one month in the evening and one 
month in the afternoon. You will soon find out which is best 
attended and can then decide the question, although you might 
find it an advantage to keep the proposed system up permanently. 
The proposal if adopted as an experiment does not commit you to 
so much as putting the meetings at once to the afternoon all the 
year round. 

Sir Eras^nus Onimaney, I rise to make an amendment. I am 
a great advocate for afternoon meetings and always have been. As 
a Londoner 1 should like the meetings at 4.30 instead of 5, and 
as we must allow 2 hours for the meeting, 1 think it would bo 
better if we could get away at 6.30 instead of 7 o'clock. I pro- 
pose that the time of meeting be altered to 4.30, 

Mr. Knohtl. It is impossible to take an amendment upon an 
amendment. One amendment should be disposed of before another 
amendment can be entertained. 

Mr. Turner, If Dr. Schuster's amendment is in form I shall be 
happ)' to second it. 1 venture to think that the spirit of the 
original motion is preserved, in that the alteration in the time of 
the meeting must be a purely experimental one, and without tread- 
ing upon the President's ruling we might make the alteration for a 
year. The main question was, I consitler, legitimately considered 
at the December meeting. But we have in the present amend- 
ment a condition of things which gives us all we require, and must 
at the same time be only temporary. The question as to whether 
5 o'clock or 8 o'clock is better for the Society I regard as essentially 
an experimental one. We have heard arguments for and against, 
and some of these cut both ways. Some section of the Society 
must be prevented from attending the meetings whatever time we 
finally adopt. Mr. Freeman pleaded for evening observers, but 
there are some professional astronomers who would find it an ad- 
vantage to have a meeting which would prevent them having to 
observe. [Laughter.] There is a strong diversity of opinion about 
getting through Council w^ork, but the Council themselves decided 
that they could get through their work. I think Dr. Schuster's 
amendment is an ingenious proposition to enable us to get the ex- 
periment made, therefore I second the amendment. 

Mr. Chambers. Mv desire is to do the greatest good to the 

i2 
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greatest number, and if the meeting decides for Dr. Schuster's 
amendment, I will willingly abandon my resolution and support 
the amendment. 

JRev, C, J, Taylor. 1 am very much in favour of the second 
proposition before the Society to-day because it is a kind of com- 
promise, and I hope will be satisfactory to a very large number of 
country members. As a country member I find evening meetings 
are very inconvenient to me, for I cannot get back home without 
some extra expense for hotel bills. The precedent of the young 
society, the British Astronomical Association, has already been 
brought forward by the mover of the resolution. I will take this 
opportunity of adducing a precedent from a Society not so young 
as the British Astronomical Association, and that is the Society 
for Psychical Eesearch, for they have for some time held their 
meetings alternately in the afternoon and evening. I hope this 
meeting will be able to adopt some such practice. 

Mr, Banyard, There is some objection to holding the meetings 
at different times on different days. Many of us do not look 
at our cards and papers, and if we omit to do so we shall perhaps 
come at the wron^ time. The plan might thus cause considerable 
inconvenience to some of us. I shall therefore vote against Dr. 
Schuster's amendment. 

Mr, Knohel, I fully expected to hear from Mr. Chambers some 
reasons for bringing forward this resolution again after it had 
been disposed of at a previous Meeting. Perhaps, for the in- 
formation of Pellows, it will be convenient to mention the history 
of the resolution. On May 8, 1885, after a Eeport from the 
Council of the result of the postcard series of questions which 
were issued, Mr. Chambers moved that the hour of meeting be 
5 o'clock. That was put and lost. On Feb. 14, 1890, at the 
Annual Meeting, Mr. Chambers made the same proposition that 
be has made to-day, an amendment deferring the consideration of 
the subject being carried by 32 to 20. It was a proper thing after 
the deferring of the question that Mr. Chambers should bring it 
forward again; and he did in December last. On December 12, 
1890, the definite proposition for 5 o'clock meetings was put and 
lost, the numbers being 18 for and 30 against. It was a singular 
thing that the moment that resolution, of which due and full 
notice had been given, was lost, Mr. Chambers should give a repe- 
tition of it in the same terms as before. 

Mr, Chambers, Will you give the figures of the postcards in 
1885? 

Mr, Knohel, The figures of the postcards in 1885 were : — ^for 
8 o'clock 106, for 5 o'clock 125, neutral 150, for other hours 17. 
It was the opinion of the Meeting in 1885 that no action should 
be taken on the postcards unless there was a decided majority one 
way or another, and that being the case no action was taken in 
the matter. Mr. Chambers, in 1885, moved his resolution, which 
was lost; and it met a similar fate in Peb. and Dec, 1890. I 
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want to ask whether the motion to-day is not vexatious, and 
whether, if it is lost, Mr. Chambers will give notice to bring it 
forward in two months' time, and so on, every two months ? A 
word is required to relieve us from anxiety on that point. Another 
point is, Mr. Preeman said we are not a Society of Amateurs. 
When I said we are a Society of Amateurs 

Mr, Freeman. 1 was not alluding to you, Mr. Knobel, but to 
some other Fellow of the Society. 

Mr. Knobel. L beg your pardon. I had used the word, I believe, 
in its proper etymological meaning — that we are a Society who 
devote ourselves to Astronomy apart from any other consideration 
than the love of the science itself. I think the proper order now 
is that permission should be given to Dr. Schuster to propose his 
amendment before it can be submitted and discussed. 

The Astronomer Royal. It is quite permissible for any two 
Fellows to propose and second an amendment without asking per- 
mission or putting it to the vote. 

Mr, Knobel. The question was first raised when Lord Crawford 
was in the chair ; and the practice was then instituted that an 
amendment could not be accept-ed without the Meeting gave per- 
mission. That principle was acted upon by Dr. G-laisher when he 
was in the chair, by the Astronomer Koyal, and by our present 
President. 

Mr. Turner. Are you not confusing discussing the question 
with putting it ? 

The President. I must say I am surprised at this objection. I 
should never have hesitated about it myself. It seems to me as 
plain as possible that an amendment rising out of a resolution can 
be made of right and without permission. 

Mr. Ranyard. I think the usage is that the leave of the 
Meeting should be taken that the amendment become the sub- 
stantive resolution ; and if it is proposed to make it the substan- 
tive resolution, leave of the Meeting should be asked. 

The President. I do not understand that is intended at present. 
If the amendment is carried the resolution will be abandoned, but 
not until then. 

Mr. Chambers. Then I am willing to withdraw my resolution 
in favour of Dr. Schuster's amendment. With regard to what 
Mr. Knobel has said, I may explain that I brought forward this 
motion to-day because the President suggested that it was a much 
more proper one for discussion at an annual meeting than at an 
ordinary meeting. 

A Member. I understand it is impossible for Mr. Chambers to 
withdraw according to Parliamentary practice. We are called 
here to discuss this particular question ; and I do not see how an 
amendment concludes the discussion of the original motion. 
. The President. The original proposition cannot be withdrawn 
as a matter of right, but only by permission of the Meeting. An 
amendment can be made as a matter of right. 
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Mr, Common, You have already ruled that this amendmeut can 
be put. 

Mr, Knobel. I am aware that the President has overridden the 
action of his predecessors. 

Capt, Noble, I do not know if there is anything in the consti- 
tution of this Society which precludes such an amendment. I am 
chairman of several public bodies, and I never heard that such an 
amendment could not be put. Notice must be given of a resolu- 
tion, but I can speak very confidently that any amendment can be 
piade. 

A Fellow, I think the amendment if carried will make confu- 
sion worse confounded. The original motion has been thoroughly 
thrashed out and decided against several times. The Council 
having put their objection aside, it must be shown that the change 
would be advantageous to the Society as a whole. The position 
has not altered in any way since Mr. Chambers's last motion. I 
was perfectly astonished when I saw the motion on the agenda. I 
have never seen anything so indelicate in any Society I have been 
connected with during 40 years of experience, as this matt-er 
being brought forward on Feb. 13 after being decided against for 
the third time in the preceding December. Last Annual General 
Meeting decided against this motion, so there is little validity in 
Mr. Chambers's plea that he wished the matter discussed at an 
Annual General Meeting. I do hope that after to-day we shall 
not hear of this matter for at least 1 2 months. 

Mr, Brett, I do not think you can prevent us from bringing it 
forward again. 

The President, "We must leave that to the good taste of the 
people who bring it forward. 

Mr, Brett, 1 want to make Mr. Knobel's mind easy. If this 
motion is rejected to-night, I intend to bring it forward myself on 
the next possible occasion. [Laughter.] 

Mr, Freeman, I think Dr. Schuster has proposed a most judi- 
cious course. My idea is that it would be better to have meetings 
twice a month instead of once, and that one meeting should be in 
the afternoon and the other in the evening. That, however, is a 
large change, and would put the Council to a great deal of extra 
trouble ; but Dr. Schuster's amendment does not. do that. 

Mr, J, G, Petrie, 1 came in late because I find these afternoon 
meetings are very difficult for me to attend. At the British 
Astronomical Association I have the greatest difficulty in getting 
there by 5 o'clock, and am satisfied if I get there by 6. That Society 
would, I believe, be prepared to change its meeting-time to a later 
hour. The Fellows of this Society have not yet come to the posi- 
tion of repose that many of the Fellows of the Eoyal Society have 
come to, and it would be a serious thing to change the hour of 
meetings as an experiment. The country members will not fill 
the blanks caused by those who cannot attend in the afternoon. 
All the country members do not desire the change, and one 
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reverend gentleman at the last meeting assured me that he would 
prefer not to go home the same evening. Another thing is, we 
want a break between business engagements and these meetings. 
The pabulum supplied here is not of the very lightest description, 
and it would be hard to leave our books and papers to come here 
without that little break which is so necessary to the due enjoy- 
ment of these meetings. 

Mr, Stone, Personally I am in favour of afternoon meetings ; 
but we must consider the convenience of the greatest number. If 
all Fellows vote for their own personal convenience we shall get a 
proper decision. As for the mixed meetings, I cannot say I 
favour that proposal. When the circulars were sent round years 
ago to get the general sense of the Society the numbers were very 
equal, although many of the votes caine from Fellows who were 
not likely to attend either meetings, and therefore ought not to 
have voted. I would prefer this question to be voted upon pure 
and simple ; and if the advocates for early meetings are beaten 
they should accept their position. 

Mr. Sydney Waters. As the proposer of the original resolution 
in 1885, I should Uke to say I am entirely in accord with Dr. 
Schuster's amendment. The best experiment we can make will be 
to allow a trial of the amendment to be made for a year. 

A division was then taken, when 27 voted for the amendment 
and 37 against it. The amendment was declared lost. 

The original motion was then put, and on division was lost, 
31 voting for it and 35 against it. 

The President appointed Mr. R. Inwards, Mr. J. H. Mitchener, 
and Mr. W. Schooling, Scrutineers of the Ballot for the election of 
Council and Officers for the ensuing year. 

The following was the result of the Ballot : — 

President : Lieut.-Gen. J. F. Tennant. Vice-Presidents : Capt. 
W. de W. Abney, Prof. J. C. Adams, Dr. J. W. L. Glaisher, and 
Mr. E. J. Stone. Treasurer : Mr. A. A. Common. Secretaries : 
Mr. A. M. W. Downing and Mr. E. B. Knobel. Foreign Secre- 
tary : Dr. W. Huggins. Council : Sir E. S. Ball, Prof. A. Cayley, 
Mr. W. H. M. Christie (Astronomer Eoyal), Hon. Sir James 
Cockle, Mr. George Knott, Mr. Frank McClean, Mr. E.W. Maunder, 
Capt. W. Noble, Mr. W. E. Plummer, Mr. Isaac Eoberts, Dr. E. 
J. Spitta, and Mr. H. H. Turner. 

Mr, W. H. Maw proposed and Dr. Bryant seconded a resolution 
" that the thanks of the Meeting be given to the President, Vice- 
Presidents, and other members of the Council who now retire, for 
their services in promoting the objects of the Society." This was 
carried unanimously. 

On the motion of Mr, E, J. Stone, seconded by Capt, Noble, the 
thanks of the Meeting were given to the Scrutineers of the Ballot. 

'G, P. B. IJallowes, 77 Lansdowne Eoad, Didsbury, Manchester; 
SMn Hirayama, Astronomer at Tokyo Observatory, Japan ; Robert 
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John Pearce, M,A,^ D,C,L,, Professor of Mathematics in Durham 
University ; John M, Stone, St. John's College, Cambridge, were 
bal lotted for and duly elected Fellows of the Society. 

The following Candidates were proposed for election as Fellows 
of the Society : — 

John Billington Booth, J.P., Preston, Lancashire (proposed by 
EAlph Copeland) ; Hannibal Mirabita, 134 Strada Britannica, 
Alexandria, Egypt (proposed by Eev. Joseph Eeed). 



BEITISH ASTEONOMICAL ASSOCIATION. 

The fourth ordinary Meeting of the above Association was held 
in Barnard's Inn Hall, Holborn, on Wednesday, Feb. 25, Captain 
Noble, F.R.A.S., the President, in the Chair. 

Amongst the presentations announced were Mr. Cottam's two 
fine Star Atlases, presented by their designer, and a number of 
beautiful prints of stellar photographs from Mr. Roberts. 
. The General Secretary, Mr. P. F. Duke, read the names of 18 
Candidates proposed for election. 

Dr. G-ill was called upon to give an account of his work at the 
Cape in connection with Stellar Photography. He said that Stellar 
Photography might be said to have commenced there with the 

Shotographing of the Great Comet of 1882. This was first seen by 
Ir. Finlay, and rapidly increased in brilhancy until it became one 
of the most sublime phenomena he had ever seen in the heavens. 
He was unfortunately absent from the Observatory on the day 
that it transited the Sun, but returning the next day was able to 
point it out shining in full daylight close to the Sun. A photo- 
grapher from the town came up to the Observatory, his camera 
was strapped on to the telescope, nnd with an hour's exposure a 
photograph of the comet was obtained. The success of this ex- 
periment convinced him that this was the most satisfactory way 
to chart the heavens. The MM. Henri, at Paris, had carried out 
the sanje idea, but he had previously obtained a grant from the 
Boyal Society to pay a photographer, in order to complete to the 
South Pole by photography the work which Argelander did for 
the northern heavens. The photographs had been taken, and 
Professor Kapteyn, of Groningen, who had undertaken the 
measurement of the photographs, had completed about two thirds 
of the work. He described the new telescope recently provided 
for the Cape Observatory, and illustrated the various improvements 
introduced by Sir H. Grubb and himself. Although the telescope 
only arrived in August, about 400 photographs had been already 
secured for special investigations, in addition to experimental 
photographs for the approaching meeting in Paris of the Inter- 
national Committee. 
. Mr. Downing remarked that it had been stated that Dr. Gould 
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bad done Argelander's work for the South. This was not so. He 
yielded to no man in admiration of Dr. Gould, but he had not 
designed to extend Argelander's work. Dr. Gill's reconnaissance 
was essential for the proper carrying out of the International 
Survey. 

Mr. 'Edwin Holmes read a paper on Mars. 

Twenty-eight new members were ballotte4 for and elected. The 
Meeting was then made Special to discuss the proposed Eules for 
Branches, which were carried. 



MEETING OF THE EOYAL METEOROLOGICAL 

SOCIETY. 

The usual monthly meeting of this Society was held on Wednes- 
day evening, the i8th instant, at the Institution of Civil Engineers, 
25 Great George Street, Westminster : Br. C. T. Williams, M.A,, 
Vice-President, in the Chair. 

Mr. C. L. Brook ; Mr. C. E. De Eance, F.G.S., Assoc. Inst. C.E. ; 
Mr. J. Eden, Assoc. M. Inst. C.E. ; Mr. J. C. Mundell ; and 
Mr. J. Sidebottom, J.P., were elected Fellows of the Society. 

The following papers were read : — 

I. "The Great Frost of 1890-91," by Mr. C. Harding, F.E. 
Met. Soc. This paper dealt with the whole period of the frost from 
November 25th to January 22nd, and it was shown that over 
nearly the whole of the south-east of England the mean tempera- 
ture for the 59 days was more than 2° below the freezing-point, 
whilst at seaside stations on the coast of Kent, Sussex, and Hamp- 
shire the mean was only 32° In the extreme north of Scotland 
as well as in the west of Ireland the mean was 10° warmer 
than in the south-east of England. In the southern midlands and 
in parts of the south of England the mean temperature for the 59 
days was more than 10° below the average ; but in the north of 
England the deficiency did not amount to 5°, and in the extreme 
north of Scotland it was less than 1°. The lowest authentic 
reading in the screen was o°*6 at.Stokesay, in Shropshire, but 
almost equally low temperatures occurred at other periods of the 
frost. At many places in the south and south-west of England 
as well as in parts of Scotland and Ireland the greatest cold 
throughout the period occurred at the end of November ; and at 
Waddon, in Surrey, the thermometer in the screen fell to 1°, a 
reading quite unprecedented at the close of the autumn. At 
Addington Hills, near Croydon, the shade thermometer was below 
the freezing-point each night, with one exception, and there were 
only two exceptions at Cambridge and Beading ; whilst in the 
Shetlands there were only 9 nights with frost, although at Biarritz 
frost occurred on 31 nights, and at Bome on 6 nights. At many 
places in England the frost was continuous night and day for 25 
days, but at coast stations in the north of Scotland it in no case 
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lasted throughout the 24 hours. On the coast of Sussex the tem- 
perature of the sea was about 14° warmer than the air throughout 
December, but on the Yorkshire coast it was only 6*^ warmer and 
in the Shetlands and on parts of the Irish coast it was only 3® 
warmer. The Thames water off Deptford, at 2 feet below the 
surface, was continuously beloW34° from December 23rd to JiEmuary 
23rd, a period of 35 days, whilst the river was blocked with ice 
during the greater part of this time. In Regent's Park, where 
skating continued uninterruptedly for 43 days, the ice attained the 
thickness of over 9 inches. The frost did not penetrate to the 
depth of 2 feet below the surface of the ground in any part of 
England ; but in many places, especially in the south and east, the 
ground was frozen for several days at the depth of one foot, and at 
6 inches it was frozen for upwards of a month. In the neighbour- 
hood of London the cold was more prolonged than in any previous 
frost dui'ingthe last 100 years, the next longest spell being 52 days 
in the winter- of 1794-5, whilst in 1838 frost lasted for 50 days, 
and in 1788-9 for 49 days. 

2. " The problem of Probable Error as applied to Meteorology," 
by Mr. T. W. Backhouse. 



MEETING OF THE ASTRONOMICAL SOCIETY 

OF THE PACIFIC. 

1891, January 31. 

The Society met at 408 California Street. In the absence of 
President Holdcn, Vice-President Pierson presided. 

At the meeting of the Directors, held prior to the regular 
meeting, 55 gentlemen and ladies were elected, among them being 
Messrs. EUery and White, of the Melbourne Observatory. 

An important paragraph was added to the Bye-Laws, by which 
groups of members in any city, excepting San Francisco, are 
authorized to form sections, to be governed by local boards of 
officers and rules. The proceedings of such sections, may be 
printed in the regular Publications of the Society. No person 
shall be eligible to membership in a section without being a 
member in good standing in the parent Society. 

Under the provisions of this amendment a Chicago Section has 
been formed, and its existence recognized by the parent Society ; 
and has elected Officars and an Executive Commitee as follows : 
G. A. Douglas, Chairman ; Gr. , E. Hale, Secretary ; and R. W. 
Pike, Prof. C. B. Thwing, and M. D. Ewell. 

The Directors adopted a seal for the Society, a cut of which will 
appear in the next publication. 

It was also resolved that, beginning with the present year, all 
moneys received from life membership fees should be invested in 
a separate fund, and only interest therefrom to be used hi defraying 
the expenses of the Society. 
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Messrs. Schaeberle and Burckbalter were reappointed to act as 
a Committee on Comet Medal for the year 1891. 

At the Eegular Meeting, held after the Directors' Meeting, a 
Committee consisting of Messrs. Von Gelden, Theat, Dewey, 
Ewer, and Lowden v as appointed to nominate a ticket of eleven 
names for the next Board of Directors, and three names for 
Committee on Publications, to report at the next Meeting (March 
28th), which will be the Annual Meeting. Messrs. Ziel, Johnson, 
and Leuschner were appointed to make the annual examination 
of the Accounts of the Treasurer. 

The following papers wei'e presented to the Meeting : — 

a, " The Carleton College Observatory," by the Director, Prof. 
W. W. Payne. 

h. " The August Meteors," by W. H. S. Monck, Dublin, Ireland. 

c. "Corrections to Watson's Theoretical Astronomy," by W. 
W. Campbell, Ann Arbor, Michigan. 

d. "JSotes on Dark Transits of Jupiter's Satellites," by John 
Tebbut, Windsor, N.S.W. 

The Meeting then a^djourned. 

Charles Burckhalteb, Secretary, 



The Origin of the Stellar Systems. 

In the February number of the ' Observatory ' I liave pointed out 
what I am convinced is the physical meaning of the high excen- 
tricities of the stellar orbits. The mathematical investigation 
therein referred to seems to show that tidal friction is an amply 
sufficient cause to account for the great ezcentricities. but to com- 
plete the syllogism we ought to show that no other possible cause 
can be assigned as the source of the observed phenomena. The 
array of multitudinous reeources revealed in the Cosmos is such 
that in general it is difficult to set rigorous bounds to the possi- 
bilities of Nature. Fortunately, however, in this particular case 
the circumstances surrounding the question at issue are such as 
to justify the belief that in general no other cause than tidal 
friction. can be assigned to account for the excentricities observed 
in the binary orbits. Some astronomers may conceive that the 
excentricities indicate the fortuitous origin of these systems from 
separate stars. A little reflection, however, will make it clear 
that such an hypothesis is untenable. For such a chance orbit 
would be in general hyperbolic ; and it is easy to show that should 
the orbit in some cases even be elliptic, its absolute dimensions 
would very far exceed those of binary orbits hitherto computed. 
Prof. Lockyer, in his ' Meteoric Hypothesis,' has suggested that 
double stars originate through the approach of separate swarms of 
meteorites. But this suggestion to my mind is even more un- 
9atiisfactory than the foregoing, since it not only encounters the 
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sauie difficulties, but must in addition explain bow tbe smaller 
swarm would escape disintegration under the action of tbe chief 
swarm. For tbe smaller swarm would enter on an orbit highly 
elliptic or hyperbolic. In case the orbit is elliptic, tbe disinte- 
grating action of tbe larger swarm, in a comparatively short time, 
will scatter the meteorites of tbe smaller swarm along the whole 
length of its orbit — reduce it (as tbe Sun reducts a comet) to a 
train of meteoric dust. Moreover, tbe observed excentricities of 
tbe stellar orbits are in general hardly sufficiently bigb to support 
this hypothesis. 

Again, it has been suggested tbat an explosion in the process of 
separation bas rendered tbe orbit of the detacbed body so higbly 
excentric. This suggestion of explosions is purely an hypothesis, 
and we are not able to affirm that sucb phenomena really take 
place, except probably in our Sun, But granting that they really 
take place in nebulae, it seems very difficult to see bow sucb 
explosive action could divide a nebula into two nearly equal 
masses. It seems more probable tbat tbe meteorites of a nebula 
under sucb conditions would merely be scattered in every direc- 
tion, and tbat the parts would almost immediately fall back 
together. But even sbould the detached parts not immediately 
reunite to the largest remaining body they would revolve around 
it as meteoric swarms in excentric orbits, and it is impossible to 
conceive bow, under the disintegrating action of tbe chief mass, 
they could ever be gathered into individual small bodies ; much 
less could they be agglomerated into a second large mass. 

All tbe foregoing hypotheses seem, therefore, to encounter fatal 
objections. I will now venture an hypothesis which demands 
nothing extraordinary, and rests, moreover, on a dynamical basis. 

A homogeneous fluid sphere devoid of rotation is always in 
equilibrium, bowev'er its particles may be arranged with respect to 
one another. If this sphere be endowed with a slow rotation 
about any axis, it becomes a spheroid ; here again we may suppose 
the particles exchanged wdth one another without any disturbance 
of the equilibrium. We may regard this homogeneous spheroid as 
made up of successive infinitely thin layers, all having tbe same 
ellipticity. If the rotation of the spheroid is quickened its 
ellipticity increases, and the ellipticities of all the strata increase 
with equal rapidity. The particles of a heterogeneous fluid sphere 
devoid of rotation are in stable equihbrium when, and only when, 
they are so arranged that the density decreases from the centre to 
the surface. Such a sphere is composed of successive infinitely 
thin layers of a uniform density, but the layers decrease in density 
from the centre to the surface. If now the sphere be endowed 
with a slow rotation, it passes into a spheroid, and all its layers 
become spheroidal. But in this case of heterogeneity, the layers 
do not, as in the case of homogeneity, retain the same ellipticity 
in passing from tbe centre to the surface. Tbe ellipticities 
increase, as is mathematically established by Laplace in the second 
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Toliime of the * M^canique Geleate.' Thua the ellipticities of the 
layers of a heterogeneous fluid spheroid in equilibrium follow a 
law the reverse of the densitiea. Sir John Herachel has observed 
that certnia nebulffl actually appear to conSrm this law. Since 
the ell ipti cities were zero when the body waa devoid of rotation, 
it ia clear that acceleration of aiial velocity will cause tbem all to 
increase until a certain limit is reached. But all the ellipticities 
will not increase with equal rapidity ; the ellipticities of the outer, 
leas dense, layers will gain ever more and more rapidly upon the 
denser and less ellipttco layers at the centre. The divergence in 
the ellipticities thus increases as the rotation proceeds. With a 
given velocity of rotation the divet^nce increases with increase of 
heterogeneity. This being establiafaed, let us now consider some 
other figures of equilibrium. Throughout this discuasion we ars 
supposing the law of attraction to be Newtonian gravitation. In 
the figures of equilibrium hitherto determined, owing to mathe- 
matical difficulties at present insnrmouo table, nearly all investi- 
gators have presupposed the fluid to be homogeneous. Among the 
tigures established on this hypothesis ia the Jacobian ellipsoid of 
three unequal axes ; and the spheroid may be regarded as a par- 
ticular case where two of the axes of the ellipsoid are equal. This 
Jacobian ellipsoid set rotating in equilibrium about its shortest 
axis is rigorously stable. 

M. Foincare has discussed the dynamics of the Jacobian ellipsoid 
with particular care (' Acta Math.' vol. vii.). He finds that as the 
rotational velocity of the ellipsoid iDcreases the ellipsoid gradually 
flattens out, and finally passes into the accompanying very remark- 
able figure. 




Fig. I repreaents a section of M. Poincar^'a figure through the 
shortest and longest axes (correaponding reapectively to aimilar 
axes in the ellipsoid). This furrowing of the Jacobian ellipsoid 
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parallel to its smallest section iadieates, as M. Poiacare points 
out, a tendency of the body to split up into two comparable 
masses. At the stage represented in Fig. i, the equilibrium is 
rigorously stable. M. Poincare expresses disappointment in the 
conclusion of his excellent research that his investigation did not 
throw much light upon Laplace's * Nebular Hypothesis.' Prof. 
Darwin undertook a somewhat similar investigation independently ; 
and completed it after the publication of M. Poincare's paper. 
He sought to determine the ngure which two homogeneous spher- 
ical fluid masses would assume under their mutual attraction when 
set in synchronistic orbital motion about their common centre of 
gravity so close together that their surfaces nearly touched. His 
result is given in Fig. 2 for equal masses. 

Fig. 2 (a). 




Section (perpendicular to axis of rotation) of Mr. Darwin's dumb-bell figure of 
equilibrium. Dotted section Jacobian ellipsoid of same mass and moment 
of momentum. Scale one-third of the original. 



Fig. 2 (6). 




Section through axis of rotation. 

In Fig. 2 the whole sections are given — one through the axis o£ 
rutation, the other perpendicular to it. For details and an 



Mar. 1891.] Origin of the Stellar Systems, 119 

admirable discussion of this remarkable dumb-bell figure of equili- 
brium, see * Phil. Trans.' 1887. 

At the conclusion of his work, Mr. Darwin, like M. Poincare, 
remarks that but little help is gained towards understanding 
Laplace's *• Hypothesis.' He adds, that both his results and those 
of M. Poincare seem to show that the mass separated should bear 
a very much larger ratio to the parent mass than is observed in the 
planets and satellites of the solar system. He states that the 
mass separated cannot bear a less ratio (in case of homogeneity) 
than about one-thirtieth. He agrees with M. Poincare that when 
the equilibrium of the Jacobian ellipsoid breaks down, the body 
splits up into two comparable masses. 

Now let us examine the significance of these mathematical results 
in our study of the origin of the binary stars. Before we proceed 
further let the reader compare the above figures with Sir John 
Herschel's drawing of Double Nebulse, published in ' Phil. Trans.' 
for 1833. Compare M. Poincare's figures with those numbered 
by Sir John Herschel respectively 68, 69, 70, 71, 72, 73, 74 
(representing the nebulae numbered 1252, 1202,604, 1146, 444, 
2197, 1408) ; and J think it will be impossible to escape the con- 
clusion that the foregoing mathematical results- are exemplified in 
the heavens. Nebulae absolutely homogeneous of course do not 
exist ; yet there are abundant reasons for thinking that in many 
cases the departure from homogeneity is not very marked. If the 
nebula is not heterogeneous to a considerable degree, we may take 
the figures of M. Poincare and Prof. Darwin to represent substan- 
tially what would occur as gravitational contraction proceeds. 
And we may consider the figure of a nebula undergoing develop- 
ment momentarily, but not secularly, stable, owing to the con- 
tinual dissipation of its energy and the contraction consequent 
therefrom. Hence we see that if the nebula be homogeneous the 
mass-ratio, which will obtain between its parts when it splits up, 
will be a very large fraction, perhaps one-half, one-third, or one- 
fourth, or smaller, and possibly, under certain conditions, unity. 
The above mathematical investigations seem to show that in 
general the masses would not be exactly equal, but always com- 
parable — i, e. always of the same order. If the heterogeneity be 
not very considerable, when the parent nebula splits up, this same 
relative mass-ratio will be nearly maintained. There is reason to 
believe that many of the nebulsB are not very heterogeneous, and 
we ought therefore to expect a separation into comparable masses. 
This theoretic inference accords with the great number of double 
nebulae and double stars actually observed in the heavens. The 
greater the heterogeneity the greater the divergence in mass-ratio 
from that obtaining in case of homogeneity. This clearly follows 
from what we have said elsewhere concerning the concentration of 
density about the centre of the parent nebula, and the increase in 
the ellipticities of the strata as we pass to the surface. For the 
part thrown off will be taken chiefly from the peripheral regions 
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of the parent mass ; and even should the volume detached retain 
the same ratio to the parent volume, as in the case of homoge- 
neity, still the mass would bear a much smaller ratio to the parent 
mass, owing to the inferior density of the part detached. But, in 
fact, it is easy to see that both the mass and the volume split off 
will be less in case of heterogeneity. If the nebula be very hete^ 
rogeneous, the parts detached ought to bear a very small mass- 
ratio to the central body. With respect to the planetary system 
this conclusion would seem to indicate that when the planets, were 
formed our original nebula was very heterogeneous. Under this 
hypothesis our remarkable system is seen to be a particular case — 
an exception to the general process of cosmic evolution, by which 
nebulsD develop first into double nebulee, and then into systems of 
binary stars. Thus far the mass-ratio of the components of stellar 
systems has been determined satisfactorily from measurements in 
but few cases. But if we take the binarv stars as a clans we shall 
not err greatly in supposing the mass-ratio to correspond with the 
amount of light we receive, and this can be determined from the 
magnitudes of the stars. 

In particular cases this method of inferring the relative masses 
of stars of a system from their magnitudes would doubtless fail. 
And in general the value thus deduced would probably be a little 
too small ; still, it would at least give a rough approximation to 
the truth. It now remains to examine the orbit which the 
detached mass would pursue when first split off. From the very 
nature of nebular contraction we may with safety assume that 
acceleration in angular velocity proceeds slowly and steadily — 
there are no sudden jerks or stops. This being the case, it is certain 
that separation takes place very slowly ; and we may unhesitat- 
ingly affirm that in general many revolutions are performed while 
the splitting process is in progress. Sudden accelerations in 
angular velocity being impossible, we see that the orbit the 
detached mass begins to pursue must be nearly circular. Were 
the orbit highly excentric, the action of the larger body would 
soon reduce the smaller mass to a train of meteoric dust ; and, 
when once strewn out into a girdle, it could never condense into 
a star. But the mass split off being set revolving in an orbit 
nearly circular, the action of the larger body could not spread the 
smaller swarm out into a meteoric ring ; and, condensation forth- 
with proceeding, it would escape disintegration when the orbit 
eventually became expanded and highly excentric from the secular 
effects of tidal friction. When just separated (as is apparently 
the case in Herschel's figure 68) the masses doubtless rotate and 
revolve in synchronism. But the dissipation of the eneiw of 
either mass soon permits gravitational contraction, and this 
causes the axial angular velocity to surpass the orbital angular 
velocity, and then tidal friction begins to operate. Under these 
conditions tidal friction increases both the major axis and the 
excentricity of the orbit. And in general these elements will con- 
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tfnue to increase until the rotations of both stars are reduced to 

synchronism with the orbital revolution. When this state is 

reached, we have the maximum of excentricity ; afterwards the 

excentricity is again very slowly reduced to zero by the secular 

actrion of libration. Such a rigid state would probably not be 

reached until both bodies have become entirely dark, since the 

angidar velocity will continue to accelerate as long as contraction 

takes place. When finally this state is reached, however, the stars 

vrill show always the same faces to each other, and the system 

w^ill continue to revolve as though rigidly connected for ever, 

unless acted upon by external forces, or ethereal or meteoric 

resistance. These suggestions of secular dynamic instability have 

a particular interest also when applied to systems of the Algol 

type, where the bodies are not only both very large, but also very 

close together, and therefore the tides in all probability enormous. 

Prom what we have said it will appear that astronotners have 

hittierto greatly underestimated the importance of tidal friction as 

a formative agency in the history of the Universe. It has 

cer^inly left a distinct impress upon the orbits of the stellar 

sjrsiiems, and even in the case of the solar system it has exercised 

some influence. I do not, therefore, hesitate to rank tidal friction 

as one of the most important agencies operative in the development 

of "the various systems of the Cosmos. 

^ In conclusion, I beg to add that this and my former article con- 
st xtute only a very brief outline of the general conclusions at 
^^faach I have arrived by the investis:ation mentioned — an inves- 
^^S^stion which explains satisfactorily the great excentricities of 
I'ti.^ stellar orbits, the large mass-ratio of the components, and 
ii^"t^imately connects binary systems with double nebulae, constituting 
*'^^^refore a coherent theory, of which the probability, to my mind, 
c*-<^sely approaches certainty. 

Jt is difficult to see how either M, Poincare or Prof. Darwin 

^^^ild have felt disappointed, had he realized the full significance of 

"s splendid dynamical researches as applied in the XJni verse af 

l^i^ge, and not merely as reflected by the solar system. It appears 

*^*^ me that more light >^dll be thrown upon the general process 

^^ cosmic development, if, instead of studying the Universe in 

S^neral through the solar system, we base our general deductions 

^^ a study of the double nebulae and stellar systems. Thus we 

?^^y hope eventually not only to attain to a safer scientific basis 

?^ stellar cosmogony, but we may also even approach the forma- 

^^^ of the solar system from a new point of view — from the 

^^ereal heavens. On first sight, it appears doubtful whether the 

P'^nets and satellites were separated, as Laplace supposed, in the 

^^Ui of ringis.; a separation in the form of lumps or bulky masses 

i^^nis in general more probable.. Finally, whatever may prove to 

^^ the value of the ideas I have herewith advanced, it is but proper 

.^tate that whilst I began the investigation and arrived at the 

^^^ conclusions independently, nevertheless, in the qm^X mftthe- 

^C^L. XIV. K 
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matical investigation I have profited by a study of Prof. Darwin's 
extensive tidal researches ; and therefore I should be ungracious, 
if not indeed in some measure unjust, if I did not acknowledge 
my special indebtedness to Prof. Darwin for some methods of 
research employed in his very able papers. T. J. J. See. 

Uniyersity, Berlin, Prussia, 1891, Feb. 7. 



John Harrison. 

On the 24th of this month, 115 years will haxe elapsed since 
John Harrison departed this life, at the advanced age of 83 ; 
and although the centenary of his death Was not noticed in 
scientific circles, it certainly was of sufficient importance to have 
been thus distinguished. There is thus the more reason for 
recalling some of the more interesting facts about him on the 
present occasion, when several of his productions are about to be 
forwarded from the Royal Observatory to the approaching B;oyal 
Naval Exhibition at Chelsea. It is not my intention to attempt 
to give anything like a biography of Harrison, but to confine 
myself to the history and performance of the celebrated instru- 
ment, for which he received the Government premium of £20,000 
offered in the year 17 14. Often as this instrument has been 
written about, it has never yet been quite correctly described, 
from the fact that most writers have not seen it, and others have 
not had the opportunity of closely inspecting it. Having recently 
had it entrusted by the present Astronomer Boyal to my care for 
the purpose of cleaning and examination, I feel in a position to 
write with some confidence on the subject, and also think that I 
can explain to a considerable extent the reason of the very great 
unpleasantness which took place between Harrison, the Board of 
Longitude, and the Astronomer Royal of the time. 
* The instrument is known as Harrison's fourth timekeeper (some 
writers have erroneously styled it the third) ; it is the first which 
he made in a portable form, the others being ,more in the form of 
clocks, in cases some 2 feet square. It is contained in a double 
silver case 6 inches in diameter, and, although popularly styled a 
" chronometer," is really only a verge watch. The seconds' hand 
is in the centre, and, from the construction of the escapement, 
moves in a tremulous manner, which is not convenient for observa- 
tion. Modern chronometers beat half-seconds. 

The three chief features in the instrument are the going fusee, 
the compensation curb, and the remontoire train. The importance 
of the first two cannot be over estimated, but the value of the last 
is doubtful, although it appears to have been the leading idea in 
Harrison's mind. 

Looking back on his work, we consider in these days that his 
escapement was on a wrong principle, and that he started from a 
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bad fouudation iu using it, apart from the diiticuity of making it 
properly. It is affected, more than any other, by inequalities in 
the power of the mainspring, so he added the secondary force of the 
remontoire, in order to communicate a constant impetus to the 
escapement at intervals of seven and a half seconds. The 
ingenuity displayed in the arrangement is simply marvellous, but 
so much extra friction is introduced by the addStion of the remon- 
toire train that it is doubtful whether the extra force (which is 
imparted by the alternate coiling and uncoiling of a spring) more 
than counterbalances it. All the acting parts of the instrument 
are closely concealed by ornamental brass work, so that it is im- 
possible to examine them without partly taking it to pieces, and I 
venture to assume that this was one cause why the Board of 
Longitude were prejudiced against the instrument when it first 
came before them. I must not omit to state, however, that the 
workmanship is perfect throughout, the wheels and pinions are 
beautifully cut, and the steel has been hardened and tempered in 
the most scientific manner possible, otherwise the pivots and 
springs would not stand the manipulation which is necessary to 
get them in their places. High polish has not been aimed at, 
but everything has been done with a view to utility. On the 
plate is engraved "John Harrison & Son, 1759." 

In 1 761 the instrument was sent for trial in a King's ship on a 
voyage to Jamaica and back, under the charge of Harrison's son, and 
the longitude having been determined within 18 miles (the maximum 
condition being 30), Harrison claimed the reward, but the Board 
of Longitude considered that further trials should be made. On 
August 17, 1762, Harrison was asked if he were wilUng that it 
should be tested at the Eoyal Observatory under the supervision 
of Mr. Bliss, the newly appointed Astronomer Eoyal, but he 
decidedly objected to let it go out of his hands. 

Finally, it was arranged that it should be sent on another 
voyage to the West Indies, and that he should previously deliver a 
sealed up rate to the Secretary of the Admiralty. This he did 
on March 26, 1764. Dr. Maskelyne, who the following year 
became Astronomer Eoyal, went out in the ship in order to 
observe the daily performance of the instrument, which performed 
admirably, and determined the longitude within 10 miles. The 
first half of the reward was then paid, but farther conditions were 
iuposed before the whole was promised — one being, that an exact 
duplicate must be made by some one else. This task was accom- 
plished by Larcum Kendall, Harrison's apprentice, who took 
higher ground with the Admiralty than chronometer makers are 
able to do now, as his stipulated price was .£400, payable in 
advance, and he only undertook to make exact copies of the various 
parts without being held responsible for the performance of the in- 
strument. This of course did not tend to make Harrison's production 
any more popular, but he said himself that he expected the cost 
in a few years would not exceed <£ioo. It has been erroneously 

k2 
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stated by several writers that this copy, by Larcum Kendall, wae 
used by Captain Cook on his second and third voyages, the fact 
being that it has never seen actual service like the original. 
Captain Cook's— made by Larcum Kendall in 177 1 — is constructed 
on much simpler principles, and has no remontoire action. I was 
entrusted with the task of cleaning it at the end of 1889 by the 
Council of the Boyal United Service Institution. Unfor- 
tunately, the escapement is worn out. But to return tc 
Harrison's. On the 5th of May, 1766, it was handed over by the 
Lords of the Admiralty to the custody of the Astronomer Eoyal 
for the purpose of being tested at the Royal Observatory for i 
period of ten months, viz., to March 4, 1767. It fully sustainec 
the reputation which it had gained on the West India voyages, ai 
its rate in ordinary temperatures was exceedingly uniform — ^thi 
first day of rating it gained 17*6, and the last 187 ; but when th< 
telnperature fell to 26° it gained nothing, which, unfortunately 
for Harrison, was the opposite to what he said it would do. 1 
is a proof, however, that he had so far mastered the principles o 
compensation as to actually reverse the usual effects of cold on tb 
going of a wateh. The Astronomer Eoyal finally reported on th. 
instrument as follows : — " That Mr. Harrison's wateh cannot h 
depended upon to keep the longitude within a degree in a Wea 
India voyage of 6 weeks, nor to keep the longitude within half 
degree for more than a fortnight, and then it must be kept in_ 
place where the thermometer is always some degrees ab 
freezing : that in case the cold amounts to freezing, the watch e 
not be depended upon to keep the longitude within half a degree 
more than a few days, and perhaps not so long, if the cold be 
intense : nevertheless, that it is a useful invention, and, in c( 
junction with the observations of the distance of the moon fr 
the sun and the fixed stars, may be of considerable advantag 
Navigation." The Astronomer Eoyal also took exception to * 
great increase of rate since the voyage ; in the interval the instal- 
ment had been cleaned, and he considered that the former r»- 
should have been maintained. Harrison was requested by thz 
Board of Longitude to make two similar instruments for testin - 
at the Eoyal Observatory, but it does not appear that this condition: 
was complied with. He made one for the King, which after ten 
weeks' tnal at his private observatory at Eichmond, is said to have 
varied only 4| seconds. It is currently believed that His Majesty" 
personally interested himself on Harrison's behalf, and that the re- 
mainder of the reward was paid over in consequence of his inter- 
vention. As a matter of fact, the instruments had become obsolete 
before they were paid for. Mudge, Arnold, and Earnshaw were 
all in the field, appropriating Harrison's and each other's improve- 
ments indiscriminately. 

When Captain Cook sailed on his second expedition in 1772, he 
had three of Arnold's with him, in addition to the historic one of 
Kendall's already mentioned. Two of these are in the possession 
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of the Eoyal Society, and I cleaned and restored them early last 
year. They have a rude form of the present chronometer escape- 
ment and beat half-seconds. Although roughly constructed, they 
prove Arnold's inventive genius to have been quite on a par with 
Harrison's, and there is no doubt but that the Astronomer Roval 
and the scientific men whom he consulted considered that Arnold's 
instruments were likely in the long run to give better general 
results than those of Harrison and Mudge— the latter having 
adopted a form of the verge escapement which was quite as com- 
plicated as that of Harrison's remontoire. John Harrison, how- 
ever, was the pioneer of the improvements which have gradually 
led up to the perfection wJiich is expected at the present time. 
Five miles is now the maximum limit of error which is allowed in 
a first-class Government chronometer, and the longitude is fre- 
quently determined within one. At the same time, the science of 
navigation has made such progress that the manufacture of chro- 
nometeirs is yearlj becoming less advantageous to those engaged 
in it ; and it is only when a vessel,, like the ' Calliope,' is suddenly 
driven out of her course, that those in charge of her feel really 
dependent on the excellence of their chronometers ; but it is a sound 
principle to be always ready for the unexpected, therefore their 
use, in a limited degre«, will always remain as a necessity. 

James U. Poole. 



Selenographical Notes, 

Julius C^sae.— There are numerous points of interest in con- 
nection with this abnormally-shaped walled plain which render it 
weU worthy of examination under many different phases of illu- 
mination, but especially so when it is on, or not far removed from, 
the morning terminator. Like Fracastorius and some other for- 
mations a wide section of the border is to a great extent wanting ; 
but in this, case the breach of continuity is less obvious, and what 
represents a southern wall is more or less easily traceable even 
under a moderately high Sun. 

The most striking feature at sunrise is the wide deep valley 
running on the west side of the formation. Commencing a short 
distance north of Sosigenes, and gradually increasing in width as 
it proceeds northwards, it ultimately trends towards the Mare 
Vaporum, as do also numbers of hills parallel to its general direc- 
tion. It is^ crossed trauS'Versely by three or four curved, ridges 
which, though obscured at sunrise by shadow, are very distinctly 
seen about two days after the ist quarter. Their appearance 
suggests that this great Longitudinal hollow represents a row of 
large depressions, the division walls of which have been partially 
broken down. Schmidt's drawing also confirms this idea. The 
very remarkable character of the south border of Julius Caesar is 
weU seen, when the north-east w^l is on the morning terminator. 
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Under these conditions a view is obtained of very notewor 
details a little east of Sosigenes which seem to point very dea 
to alluvial (or diluvial) action. Here, two curved valleys, separa 
by gently-sloping hills following the same curvature, and bend 
towards the north-west, may be traced nearly up to the soutb 
end of the deep chasm just referred to, which exhibits a slij 
bend towards them or towards the south-east. Under high pow 
and good definition these valleys strongly impress one as being < 
to the action of liquid flowing from tl^e eastward into the south 
end of the great depression. The spurs from an apparent accur 
lation of material south of the valleys also exhibit clear indicati- 
of a drift towards the same point. As regards their gentle swell 
form and intervening hollows, they remind one of the " cooml 
in the chalk districts of Herts and Sussex. Schmidt shows, 
far too coarsely, much detail in this region, but no idea of 
actual character is to be gathered from his map or from those 
Madler and Neison. Sosigenes and Sosigenes a are connected t 
wide low bank, which seems to have bad the effect of diverting 
drift of the liquid material towards the north-west into the up 
end of the great valley. Altogether it is a district.of great intei 
which will repay careful examination. There is a bright d< 
crater of considerable size on the crest of the north wall of Jul 
CaBsar, which is shown only by Schmidt, who a^so draws a sn 
companion to it on the south, though it is especially promin 
when the formation is on the morning terminator, the more 
from its connection with the narrow culminating ridge of 
eastern wall, which at this time is a very brilliant feature, exte 
ing nearly up to the more northerly of the two large depress! 
at the southern end of it. Neither Madler or Neison show tk 
depressions, each of which is as fully as large as Sosigenes on 
opposite side of the ring, but very much shallower and of a 
f erent type, though they are prominently visible a day or two m 
sunrise. At an earlier stage they are obscured by the shado^^ 
the wall, and only a small crater on the south border, west of 
pair, is to be seen in the vicinity. On the western side of 
floor and bordering the long deep valley is a mass of materia, 
the same tint as the northern part of the interior, resemblir 
large mound heaped up against the wall. It is apparently al 
14 or 15 miles in width on the south, where it abuts on the n 
northerly of the curved hills associated with the valleys mentio 
above, and, gradually diminishing in breadth, dies out be 
reaching the north-western side of the floor. It is of no g^ 
altitude, though at sunrise a very distinct but narrow band of b- 
shadow fringes it, and there is a shallow oval depression or 
surface which cannot be regarded as a true crater. With this ex< 
tion it is devoid of detail, and appears to be of a similar chara 
to the large circular swellings on the north border of Fra^ 
tonus. 

In the maps of Madler and Neison the floor of Julius Csest 
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a blank as regards detail, and Schmidt shows only a long ridge 
running in a north to south direction near the centre and two still 
longer ridges (close together) between this and the west wall. The 
only objects I have detected are two low circular mounds, on© 
nearly central, the other some distance west of it, and a doubtful 
object, bounded by an ill-defined black shadow at sunrise, near the 
foot of the north-east wall. This part of the interior is so dark 
under a low Sun that it is very difficult to decide as to the nature 
of the detail observed thereon, but this object has been suspected 
more than once to be a crater-cone from the form of its shadow. 
On January 16, 6** to 7**, the various features just described were 
well seen with a power of 350 on my 8|-in. Calver reflector, defi- 
nition being very good, and in addition the delicate cleft running 
on the east side of Maclear up to Sosigenes a. There are 
two others west of this, which I have seen on previous occa- 
sions, that I failed to detect. Four or five small bright isolated 
mountains stand south of the low south border of Julius Caesar 
which are not clearly traceable in the maps, one of the brightest 
and loftiest standing a short distance due east of Sosigenes near 
the eastern end of the most southerly of the shallow curved valleys 
described as trending towards the south end of the great longitu- 
dinal depression on the west of the formation. The monotonous 
floor of Julius Caesar has a general slope towards the north, which 
may account for the difEerence, amounting to i^° on the accepted 
scale of tints, between the darker northern end and the area south 
of the centre, which Neison estimates to be 3°. A commencement 
was made some years ago, under the direction of Birt, with obser- 
vations intended to test the constancy of the tone of the floor 
under various solar altitudes, but they were never completed. In 
the case of the formation Boscovich on the east, the interior of 
which shows differences of tint very similar, Birt found the dark 
northern area almost invariable under all conditions, while the 
fighter remainder varied from 3|° under a low Sun to 2j° under a 
high solar altitude. It would be an advantage to selenography if 
these tint observations, undertaken nearly twenty years ago, were 
resumed and diligently carried out under better optical conditions. 

Thos. Gwtn Elgee. 

Beaumont House, Shakespeare Bead, 
Bedford, 1891, Feb. 19. 



The Winter of iSgo-iSgi. 

Is our January number we gave some particulars of the cold 
experienced to the end of the year as recorded at the Eoyal 
Observatory, Greenwich. We now append an account of the 
whole period of cold. It commenced on November 25, and until 
January 22 the mean temperature was below the average on every 
day excepting January 13, when it just reached the average. 
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Q-rouping the interval from November 19 to January 27, which 
includes the whole period of cold, into five-daily periods, we obtain 
the following results, to which are added, for comparison, the corre- 
sponding mean temperatures for Paris, as deduced from the 
numbers given in M. Flammarion's *L'Astronomie' for the month 
of Februarv. 
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These results bring out the persistent character of the frost, the 
mean temperature at Greenwich having been below the freezing- 
point for seven consecutive five-daily periods. The numbers in the 
last column show also the much greater severity of the cold at Paris, 
with the exception of one period December 19 to 23, when the 
ordinary condition of things became reversed. In Scotland the 
temperature was generally higher than at Greenwich throughout, 
frequently much higher, and thus in striking contrast with the 
Paris temperatures. 

At Greenwich the temperature was continuously below 32°, 
on November 27, 28; December 10 to 19, 22, 23, 25, 28 to 30 ; 
January 2, 6 to 8, 10, it, and 17 to 19 ; and indeed was conti- 
nuously below 32° or fell below 3 2° at some part of the day or every 
day between November 25 and January 22, excepting December 3 
to 8, January 4, 13, and 14. The greatest deviation of the mean 
daily temperature from the average in each of the three months was 
— i9°'i on November 28, — 2o°'7 on December 22, and — 19°'3 
on January 10 ; and the lowest temperatures recorded were i8°'3 
on November 28, i3°*4 on December 22, and i2°*o on January 10. 
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The mean temperature of the month of December was 29°*8, or 
ii°*o below the average, which is much lower than that of any 
other December since the establishment of the Magnetical and 
Meteorological Observatory in the year 1841, The lowest previous 
means were 33°-o in 1844, 32°-9 ia 1846, 34°-o in 1853, 33"-6 in 
1870, 33°'2 in 1874, 33°-8 in 1878, and 32°-4 ia 1879. At Paris 
the mean temperature of December was only 25°*9. W. B. 



CORRESPONDENCE. 

To the Editors of * The Observatory,' 

John Fabridus and the Solar Spots. 

Gentlemen, — 

You refer in your last Number (p. 102) to the proposed 
erection of a monument in memory of David Fabricius, to whom 
we owe the first discovery of the variability of Mira Ceti and other 
interesting astronomical observations. I should like, with your 
permission, to say a few words about his son, John Fabricius, the 
author of the tract * De Maculis in Sole observatis et apparente 
earum cum Sole conversione Narratio,' which was published in 
161 1, and contains the earliest observations of solar spots indicat- 
ing by their motion a rotation of the Sun on its axis. 

Tiaden, in his ' Das Gelehrte Ost-Friesland,' calls in question the 
authorship of this treatise, which he suggests was written by John 
the brother, not John the son, of David Fabricius. Not only, 
however, is his argument very weak that John the son was too 
young (he was born early in 1587, and would have been in his 
twenty-fifth year in t6ii) to be likely to have made the obser- 
vations in question, but, as Madler rema'^ks (' G-eschichte der 
Himmelskunde,' vol. i. p. 207), many passages in the treatise are 
quite inconsistent with this theory. The author speaks of letters 
he had received from his father, David Fabricius, on the subject 
of the appearance of ths Sun's disc, and afterwards of their 
observing the solar spots together after his own return from 
Holland. " Nolui (he writes) tamen mihi etiam in manifesto isto 
oculorum testimonio propter monstrosam et inusitatam Solis appari- 
tionem assentiri. Vocavi ilic6 parentem, cui turn temporis ex 
Batavia reversus aderam, ut ad hanc observationem, non quidem 
sine metuendo oculorum damno habendam, accurreret." In the 
preceding page we have the words ** et parenti meo Davidi 
Fabricio." Undoubtedly David had a brother as well as a son 
named John ; but these references are clearly to his son, who was 
therefore the author of this treatise. We do not know the 
Christian name of David's father ; but we do know (from a 
memorandum of the son) that he died in 1608 at the age of 82. 
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David himself was cruelly murdered in his own garden in May 
1617 by a peasant whom he had accused of theft. The date of 
the death of John Fabricius is not known, but it appears, from a 
letter of Kepler written in October 1616, that it took place more 
than a year before that of his father, so that he must have been 
less than thirty years of age at the time. The kind-hearted 
Kepler says in this letter (which is quoted in E. Wolfs *Geschichte 
der Astronomie,' p. 317) "ich fiihle dass du eines braven Sohnes, 
der die Philosophie eifrig pflegte, und ich meines LiebHngs beraubt 
bin." His premature death was undoubtedly a loss to astronomy. 
Blackheath, 1891, Feb. 4. Toiirs faithEuUy, 

W. T. Lynn. 

Uncatalogued Comets. 

GENTLEMElSr, 

In your last Number (p. 98) the Eev. S. J. Johnson has 
called attention to three " uncatalogued comets." May I point 
out that they have all three been erroneously dated l^y Calvisius ? 

A.D. 535 should be 539, for which year Calvisius does not give 
any comet. Compare Burckhardt, MonatJ. Ccrresp. xvi. pp. 499 
et seq., where the doubts suggested by Pingre are cleared up. 

A.D. 599. This comet appeared in 595, and not in 599 (Pingre, 
i. p. 326). 

A.D. 1505. Here, again, Calvisius has made a mistake; for 1505 
read 1506. Lubienitzki (ii. p. 317) remarks that Calvisius in his 
Leipzig edition has given the correct year, 1506, but that he 
changed it to 1 505 in the second edition. 
The Observatory, Armagh, Tours faithfully, 

1891, Feb. II. J. L. E. Deeteb. 



Lalande 11 292. 

Gentlemen, — 

This star was rated 7th magnitude by Lalande, but I find 
with binocular that there is no star of even 8th magnitude near the 
position given in the reduced catalogue. About i° due north, 
however, of Lalande's place I find a 6th-magnitude star, which is 
not given by Lalande or Harding. This seems to be B.A.C 1907 
=D.M.-}-i2°, 968, rated 6th magnitude by Argelander and Heis, 
and measured with the photometers at Harvard and Oxford. 
Lalande's place brought up to i88o-o agrees fairly well with the 
position of B.A.C 1907, i/we admit that there is an error of 1° in 
the N.P.D. in Lalande's Catalogue. It would therefore seem 
probable that for N.P.D 78° 13' 27"7 we should read 77° 13' 27''7. 
BaUysodare, Ireland, Yours faithfully, 

1891, Feb. 5. J. E. GK)BE, 
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OBSERVATORIES. 

liEUJEN. — Two important volumes of Annals have recently 

teen published, the 5th and 6th of the series. The 5th contains 

the second half of the zone observations between 30° and 35°, 

allotted to this Observatory in the programme of the ' Astrono- 

inische Gesellschaft/ There are about 10,000 observations, just as 

iu Vol. IV., which similarly contains the first half; and as the 

zone contains something over 10,000 stars, each of which is to be 

observed twice, a few observations are still required to complete the 

work. After these are obtained we hope it will be found possible 

to print off the Catalogue speedily. The only noteworthy point 

^^ the reductions, beyond the great care with which they have 

obviously been carried out, is the curious correction to nadir-point 

^^pending on the time during which the observer has been reading 

tile microscopes. Apparently his body gradually warms the instru- 

^^nt and the nadir slowly changes. The empirical formula de- 

^^ced to represent the change is 

^^'**^re t is the time in hours and a a constant for the evening. 

-* n the sixth volume the zenith-distances of fundamental stars 

5^ t> served from 1863 to 1874 are re-reduced, with special attention 

^^ Systematic errors recently discovered and investigated. The 

P^^sent Observatory was founded in 1861, and the meridian-circle 

ained undisturbed till 1876, when it was sent to Messrs. 

'I>sold for cleaning and repairing. The observations of f unda- 

^^Otal stars made during this period were published in rather a 

^^"fctered form, of which Dr. Bakhuyzen gives a comprehensive 

'<^unt ; and the old reductions cannot be regarded as definitive. 

^^-*^^ present reduction was therefore undertaEen, and Dr. Bak- 

^-|^y"zen has reason to be well content with his first victory over 

^^•'fc terrible Old-Man -of-the-Sea, arrears of reduction. It is a little 



^ L^^ling to find only ledgers of the results (in which, however, all 
j^"*-"^y results are deduced to 1865*0), and no definitive Catalogue. 
^■^^ha^ps this is reserved for a later volume. 

^ r^^^-^DBAS. — Mr. Pogson has produced the third volume of obser- 
;i ^Oxis with the meridian circle, giving annual ledgers and cata- 



^l^^^^s of the stars observed in 1868, 1869, and 1870. Five more 
*^lxese volumes are yet to come to complete the series of Separate 



-|^r^^ tilts from 1862 to 1887, some pressure having apparently been 

^!^^V^ on the Director to publish these results as soon as possible, 

|. ^*>^r than the observations of minor planets, variable stars, <fec„ 

^ J^^laich he would have preferred to pay attention. The volume 

.^^^^^ all essentials similar to the two preceding. (See * Observa- 

•*^,' Nos. 125 and 145.) 
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Habvabd College. — Besides the Meridinn Photometry notice 
in our last number, we have received two other volumes of Anna 
dealing with Meteorology. 

Also an interesting and well illustrated History of the Obsei 
tory (32 pp., 8vo), during the first fifty years of its existenc 
( 1 840-1 890) by Mr. Daniel W. Baker, originally written for th 
public press, but containing matter of so much interest and vali 
as to be worth preservation in a more permanent form. 

WoLSiNGHAM. — From Mr. Espin's report for 1890 we learn thj 
** during the Spring the revision of the proofs of the last pages < 
the new edition of the ' Red Stars ' was completed, and this wor 
which has been carried on since 1886, has been published by tl 
Roval Irish Academv. 

" The search for stars with remarkable spectra has been continue 
during the year. Some 70 have been detected, bringing up tl 
total to 530. During this year only four stars of Type IV. ha^ 
been detected ; three of these are so faint as to leave some unce 
tainty as to their classification. The special study of certain variab 
stars has also been continued. The most interesting results a 
the establishment of the variation in the jspectra of B Scuti ai 
R Coronae. The first varies from a scarcely perceptible third ty] 
to a normal third ; the second from a continuous first tj'^pe to 
spectrum which resembles the fourth type — as would be anticipate 
there is a marked variation in colour. 

" Two new variable stars were discovered last year and announci 
by circular." 

Melbouene. — Mr. Ellery's report for 1890 is more than usual 
interesting. He has succeeded in polishing one of the mirrors 
the Great Equatorial, so that it is now of a more perfect ^gu 
than when it was first received at the Observatory; and iz 
instrument is already quite fit for carrying on work in revision 
the nebulae, and for stellar spectroscopy. The other mirror is n • 
on the machine. 

Under date September 1890, the Astronomer reports that "i 
building and dome are all ready for the photographic telesco 
though no news had then been received of its shipment. He ho^ 
it will reach them " before the summer has set in," — a remark wh_ 
puzzled us for quite five seconds, in spite of early teaching as 
the habits of the Southern hemisphere. 

With the transit-circle 3242 R.A.'s and 1782 N.P.D.'s were ^ 
served on the usual lines. The second Melbourne General Catalog 
was published in 1890, February (see ' Observatory,' l^o. 160). 

New quarters have been built for the Astronomer ; and 
Observatory has been lighted with electric light inside. OutsicL^ 
is still quite dark, and dangerous even to the initiated ; and 
Board of Visitors point out that this is not nice. 

Mr. EUery notices in his report the necessity of reducing 
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number of Australian Meteorological Stations reporting by tele- 
graph, as the telegraphic authorities may find the necessary work 
too burdensome. This is a fine opportunity for some one to make 
disparaging remarks about Meteorology. 

Washington. — The U.S. Naval Observatory is apparently 

suffering from a dearth of workers. Naval Officers have recently 

pot been spared in sufficient quantities, and consequently the work 

is behind. Thus the transit-circle work for 1885 is in print ; the 

reductions for 1886 are nearly finished, and the apparent place 

reductions for 1887 are more than half completed : but those for 

1888, 1889, and 1890 have not been commenced. Prot. Asaph 

Hlall has been at work with the Equatorial on the satellites of 

Saturn and Mars, and on double stars, but here, again, computing 

holp is wanted. Mr. Paul has chiefly worked at his own variable 

S A.ntliaD, whose period he finds to be 7*^ 46"* 48*-o within a 

^^^^ction of a second, barely a third of that of the next shortest, U 

^ pbiuchi. The report of Mr. Harkness rather takes away our breath, 

and we append it in full, for the benefit of those who like this 

sensation : — 

** Sib, — I have the honour to ^report that during the year ending 
Jixne 30, 1890, I had no assistants, and nearly all my time was 
Q^e Voted to investigations and computations connected with my work 
Qh the solar parallax and its related constants. 

** -A.S is well known, there exists a vast mass of astronomical, 

geodetic, gravitational, and tidal observations which have hitherto 

t>eeix discussed piece-meal, and have therefore yielded only isolated 

-T'esults. My object has been to deal with these observations as a 

^^i^ole, and to derive from them a homogeneous system of constants 

®3'tis£jing all the conditions imposed by our present theoretical 

i^^'^oxvledge. Eor that purpose recourse was had to the method of 

^east squares, and a suitable system of simultaneous conditional 

^9.^^t;ions was formed. The constants involved in these equations 

^eir^ the size of the Earth, the lengths of the seconds pendulum, 

tJie sidereal month and the sidereal year, the ratio of the mean 

^^"fcions of the Earth and Moon, the eccentricities of the orbits of 

th^o lEarth and Moon, the inclination of the Moon's orbit, the rate 

S^^ ^"^^gression of its node, and certain co-efficients occurring in the 

J^rx^u theory, and the first step was to ascertain the best values of 

tih^^^ quantities. The observed quantities to be corrected by the 

Aeast>8quare adjustment were the solai* and lunar parallaxes, the 

^l^^^stants of precession and nutation, the parallactic inequaUty of 

th^ Ifoon's motion, the lunar inequality of the Earth's motion, the 

^^'^stant of aberration, the light equation, the velocity of light, 

.^^ flattening of the Eailjh, the masses of the Earth and Moon, and, 

^^^^J'ectly, the masses of Mercury and Venus. In order to obtain 

. PJ^op^j, values of these quantities for use in the conditional equations 

\^as necessary to collect and discuss all the available astronomical, 

^^^detic, gravitational, and tidal data ; and, as this discussion in- 
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eluded a special investigation of the masses of Mercury and Yenui 
the labour involved proved very great. Some unexpected delay 
have occurred, but the work is now so far advanced that 1 1 1 page 
of it are in type, and it is believed that the entire paper wi 
appear in the forthcoming Observatory volume for the year 1885. 

"Very respectfully, 

" Wm. Haekness, 

" Professor of Mathematics U. 8. Navy, 
Of Executive Committee of Transit of Venus Commission 

" The Superinte7ident of the Naval Observatory J^' 



PUBLICATIONS. 

Handbook of Practical Optics *. — ^The name of Steinheil is : 
itself almost a sufficient recommendation for such a book, and tl 
practical optician who can read German will be very grateful ' 
the joint authors. These were fired by a remark of Fraunhofer 
" Kliigel's ' Dioptrik ' is the only book a practical man can use," * 
attempt the production of a modern book on the same lines ; ar 
the verdict as to their success or failure must of course come fro 
the practical optician. But as far as one who has not this quaJii 
cation can judge, their prospects are good. The work is nothii 
if not practical. There are no attempts at elegant mathematic 
formulae, which, indeed, we may as well be content to believe impc 
sible in optics. The problems solved are of the most concrete for 
and are tackled straight forvvardly and numerically. The study 
a lens is conducted on the following plan : the courses of a centr 
ray and a border-ray (Eandstrahl), each supposed to consist of tv 
definite colours, are traced through it and compered — numerical 
throughout. The appearance of such work is not pretty, but it 
kept thoroughly neat and orderly, and one feels considerable co 
fidence that the result is correct. In fact the book must represe: 
a terrible amount of good honest grind, and we sincerely wish 
every success. 



NOTES. 

The Specteoscopic Binaeibs. — Dr. Vogel has examined eat 
photographs taken at Potsdam of the spectra of (5 Aurigae ai 
i UrsaB Majoris, whose binary character was discovered at Harva 
from the doubling of the lines in their spectra ; and in the case 
/3 Aurigse finds that the doubling is well-marked in many phot 
graphs from 1888, November 14, onwards, though no particul 
attention was paid to the fact at the time, and hence the disco ve 
was missed. 

* Handbuch der Angewandten Optik. Von Br. Ad. Steinheil und Dr. 
Voit. Bd. I. Voraussetzung fiir die Berechuung optischer Systeme und A 
'wendung auf einfaohe und achromatische Linsen. Leipzig : B. G. Teubm 
^rice 12 m. 
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These photographs amply confirm the results obtained at Har- 
vard ; they establish also a slight inequality of the components, 
which divides the whole period of 4 days into two dissimilar parts ; 
that the spectra of the two components are similar from /x/i 423 
to 458 ; and that the maximum motion in line of sight reaches 
about 140 miles per second. 

In the case of f Ursee Majoris, however, the result of the ex- 
amination is not so satisfactory, the lines being only double on one 
day out of 8. It is to be remarked, however, that the whole period 
is in this case 105 days, and the doubling can apparently only be 
seen for a few days at the proper time, which Prof. Pickering 
explains by a very elliptic orbit with major axis nearly perpen- 
dicular to line of sight. Still doubling might have been fairly 
expected on 4 of the Potsdam photographs, and yet in three of 
these cases nothing beyond a slight widening of the lines can be 
traced. (See Ast. Nach. No. 3017, p. 266.) 

A New Nebula neae Meeopb. — Mr. Barnard of the Lick 
Observatory, in communicating to the Ast. Nach. (No. 3018) some 
notes of his eye-observations of the nebula in the Pleiades, with 
the great Lick refractor, announces the discovery of a new and 
comparatively bright, round, cometary nebula, 9" following and ^fi'' 
south of Merope. " It can readily be understood why this, the 
brightest of all the Pleiades nebulae, has never been photographed. 
A sufficiently easy exposure to secure an impression of the nebula 
would so overexpose Merope that its light would coalesce with that 
of the nebula." 



Masses op Jupitee anb Satuen. — ^M. Gustave Leveau finds 
from observations of Vesta the following values for the masses of 
Jupiter and Mars : — 

Jupiter i/i 045*6 

Mars 1/3700000 

He cannot trace any secular effect of the action of the asteroids. 
We may remark that Dr. Haerdtl found a mass of 1/1047' 18 
+ 0*014 for Jupiter from observations of "Winnecke's Comet (see 
' Observatory,' No. 150, p. 254). 

PnoToaEAPHic Eepeaotion. — M. Prosper Henry calls atten- 
tion * to the fact that the coefficient of refraction is not the same 
for photographic rays as for visual. In fact if the refraction be 
denoted by A tan Z.D., M. Henry finds that A is the following 
function of the wave-length X : — 

56"-55+o"-726\-t. 

At Z.D. 80° the visual and photographic refractions would differ 
by about 5" ; and generally in photographic work all visual 
refractions should be increased in the ratio 1*0156:1. The 
measures from which this result was obtained were made by 

* * Oomptes Bendus,' oxii. no. 7, p. 377. 
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placing a grating in front of the object-glass of a telescope and 
thus obtaining short spectra of stars. 

The following opening sentences of a paper on *' the Aryan 
question," by Prof. Huxley, seems to us suflBciently appKcable in 
other cases to be v^orth reproduction here : — 

" The rapid increase of natural knowledge, which is the chief 
characteristic of our age, is effected in various ways. Th 
main army of science moves to the conquest of new worlds slowl 
and surely, nor ever cedes an in6h of the territory gained. But*^. 
the advance is covered and facilitated by the censeless activity o£ 
clouds of light troops provided with a weapon — always efficient, 
if not always an arm of precision — the scientific imagination. It^. 
is the business of these enfants perdus of science to make raids 
into the realm of ignorance wherever they see, or think they 
a chance ; and cheerfully to accept defeat, or it may be annihila 
tion, as the reward of error. Unfortunately, the public, whic 
watches the progress of the campaign, too often mistakes a 
ing incursion of the Uhlans for a forward movement of the mair^K 
body ; fondly imagining that the strategic movement to the rea 
which occasionaly follows, indicates a battle lost by scienc 
And it must be confessed that the error is too often justified 
the effects of the irrepressible tendency which men of scien 
share with all other sorts of men known to me, to be impatie 
of that most wholesome state of mind — suspended judgment : 
assume the objective truth of speculations which, from the natu 
of the evidence in their favour, can have no claim to be more i. 
working hypotheses." 

Lexbll's Comet. — Mr. S. C. Chandler contributes to the As 
Journal (No. 231) a paper on the present aspect of the p 
blems concerning LexelPs <yomet. '* Among the conclusions pi 








lished a year ago, the writer indicated as the probable origin 
the observed separation of this Comet in 1889, the action of 
satellites upon it, in its passage through the Jovian System 
1886." 

The recent discussion by Mr. Poor of the path of the co 
allows of a more searching examination of this conjecture. I 
conclusive that the comet almost certainly " passed the ascends 
node of its orbit upon that of the fourth satellite just inside 
track of the latter ; and if, as is abundantly consistent with 
uncertainty of the calculation, a portion of the comet obtra 
itself into the satellite's attraction-sphere, the result would 
with a low degree of cohesion, that this portion would be dive: 
for a time into a hyperbola around the satellite, and in erne: 
from its control, and in turn from that of Jupiter, would res 
its course about the Sun as a separate body from the main com^ 

MiNOB Planets. — No. 303 was discovered by M. Charloi 
Feb. II ; No. 304 by Prof. Millosevich on Feb. 12 ; No. 30 
Herr Palisa on Feb. 14; No. 306 by Charlois on Feb. 16. 
290, 291, 292, and 295 have been named Bruna, Alice, Lndo^*^ 
and Theresia respectively. 
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MEETlNa OF THE EOYAL ASTRONOMICAL SOCIETY. 

Friday, March 13, 1891. 

Lieat.-Gen. J. F. TBNJSfANT, C.I.B., R.E., F.R.S., 
President, ia the Chair. 

Secretaries : E. B. Knobel and A. M. W. Downing, M. A. 

The Minutes of the previous Ordinary Meeting were read and 
confirmed. 

Mr, Downing. 109 presents have been received since the last 
Ordinary Meeting of the Society. Among them may be mentioned 
as calling for particular notice : — Prof. Newcomb, ' Discussion of 
Observations of the Transits of Venus,' 1 76 i-i 769,' and Gt. W. HjU, 
* A new Theory of Jupiter and Saturn/ presented by the American 
Nautical Almanac Office ; * Catalog der Astronomischen Q-esellschaft, 
Zone -1-65° bis +70°, beobachtet auf der Sternwarte Christiania,' 
presented by the Society ; ' Catalog der Argelanderschen Zoneu 
vom 15° bis 3 i°Sudlicher Declination,' herausgegeben von E.Weiss, 
presented by the Vienna Observatory ; Original Negatives of 
Jupiter, made with the 36-inch equatorial of the Lick Observatory, 
presented by Prof. E. S. Holden ; R. Wolf, * Handbuch der Astro- 
nomic,' Band II., presented by the Author. 

A special vote of thanks was passed to Mr. E. Ristori for a 
present of an oxygen-bottle, and to Mr. W. Schooling for a stand 
for the lantern, for use at the evening meetings. 

ITie President, Qentlemen, it has struck me that the number of 
admissions has of late been a good deal less than the number of 
elections to the Society, and I wish it to be well known that as a 
matter of fact, by the rules and bye-laws of the Society, a Fellow 
is not entitled to any of the privileges of membership until he is 
admitted either in person or by proxy. I mention this because it 
has been ta.ken as a mere form without any validity, whereas, as a 
matter of fact, it is admission to the privileges of the Society. 
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or 




138 Proceedings at Meeting of [No. 174. 

Mr, Knohel read a paper by Mr, A. A. Rimhaut "On the deter- 
miaatioa of Djuble-Star Orbits from Spectroscopic Observations 
of the velocity in the Line of Sight." 

Since the beautif id results of Professor Pickering at Harvard on 
ft AurigsB and f Ursa Majoris, and Prof. Vogel at Potsdam on 
Algol and a Virginis, I have been examining the problem of deter- 
mination of the orbit of a binary star from spectroscopic observa- 
tions alone. The curve given in Prof. Pickering's report on the 
Henry Draper Memorial shows that with /3 Aurigae there is a. 
periodic displacement occurring in about four days. In drawin 
tbe curve of velocities from the data given there are two conditions 
that must be fulfilled. After giving these conditions Mr. £ambaut> 
demonstrates bis method of determination of the form of the orbit;^ 
and tests his elements with the data given for /3 Aurigae, the errors 
being well within those of measurement. 

One point which the examination of the question seems to indi- 
cate very clearly is that observations should be taken, not so muci 
at equal intervals of time, but so that the points derived from th^ 
may be as far as possible equally thick along all parts of the cur- 
of velocities, or, in other words, so that all parts of the curve may 
determined with equal accuracy. It is important to fix the e 
time of coincidence, as well as the epoch at which the velocity- ^ jg 
the arithmetical mean between its two extreme values. With st;a^^^^j,g 

of the Algol type, where only one component is bright, H^'°p^Tir^ ^ 

ment is measured by comparison with an artificial line ; the wbi^^ q\q 
velocity is composed of the orbital motion as well as absolute mot^ -^ion' 
in line of sight. With sufficient and accurate observations it wiU^^H be 
possible to separate orbital from absolute motion ; but the mater^ ^ials 
at present available for Algol are almost ludicrously inadequL^^sate. 
The observations on which the curve of velocities for Algol dep»- —end 
are so few that the figures are little better than mere guesses. 

A vote of thanks was accorded Mr. Hambaut for his paper. 

Mr. Knohel read a paper by Mr, JS, W, Burnham on " The C^^^om- 
panions of Aldebaran.'' 

The nearest companion discovered by Mr. Burnham witH the 

i8|-inch Chicago refractor in 1877 is shown by later measures ^^^vith 
the Lick 36-inch to have the same proper motion as the prin^c^^ai 
star, for both distance and position-angle are unchanged. The 

more distant Herschel companion has been observed for more 'than 
a hundred years, and its changes in position were ascribed sol^iy to 
proper motion of the principal star ; but Flammarion has sbi^own 
that this will not wholly account, for the changes, and thafc the 
fainter star has a proper motion of its own in a different direction. 
In 1888 the Herschel companion was found to be double witli the 
36-inch refractor, the distance between the stars being 2". From 
tbe measures given it appears that the proper motion is com 03 ^^^^fo 
both these stars :** but more observations are required to settles this. 

Mir. Knohel read another paper by Mr, S, W, Burnham oxx the 
Orbit of *: Pegasi. 
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In 1880 the larger star of this wide double was seen with the 
i8|-inch Chicago refractor to be a close double, distance o"'2 7. 
Since that time observations have been made by Dr. Engelmann, 
of Leipsic, with a 7*5-inch Clark refractor, and these, with recent 
measures at the Lick Observatory, show that the motion of this 
star has been through 230° since its discovery. Mr. Burnham, 
from a consideration of all the measures of this rapidly moving 
binary, has been able to draw a satisfactory ellipse ; and if this 
figure correctly represents the relative motions, this star has a 
shorter period than any known binary, its period being 11*3 years. 
I'he maximum separation is o"*32 and the minimum o''-o8. 
■fhe star should be comparatively easy to measure this year, as 
*he distance will not be less than o"*2. The wide double has been 
^videning out and the position-angle slowly diminishing since 1831, 
*nd this is undoubtedly due to proper motion of the principal star. 
2% President. I shall be glad to hear if anyone has anything 
to say on Mr. Bum ham's papers. The last paper seems to me a 
Very important and interesting one. We have a star revolving in 
^p. orbit the plane of which is so inclined that the minor axis as 
viewed from the Earth is very small, so small that until quite re- 
cently it would have been almost unobservable. The major axis 
^t* the orbit is only about half a second in angular diameter, and 
Jet Mr. Burnham seems to -have got elliptic elements for this 
oi'bit. The star will be watched very carefully by other people, 
*^*it I fancy very few will have the power of checking the orbit 
at all. 

Mr, Stone. Did I understand that some of the observations 
Save the distance apart as one-tenth of a second of arc and gave 
position-angle with this separation? 

M^r. Knobel. Yes ! Mr. Burnham says the star will be com- 
paratively easy to measure this year, as the distance will be not less 
^^an two-tenths of a second of arc. 

^^he President. Mr, Burnham is speaking of a telescope such as 
^^^ have not got in this country. 

-^r. Stone. It is not a question of a very large telescope, but is 
^^e of being able to employ very high powers for these observa- 
tions. 

J^r. Downing read a paper by Prof. H. G. von de Sande Balchuyzen 
V -foreign Associate), ** On Variations of Latitude deduced from the 
Observations of Polaris made at Grreenwich 1 851-1889." 

Ihe accordance between the variations of latitude deduced from 
observations made in Berlin, Potsdam, and Prague in the years 
^^89 and 1890 is so evident, that it is impossible to explain them 
^y accidental errors. Inequality of refraction at equal distances 
^orth and south from the zenith, produced either by anomalous 
^^fraction in the observing-room or by configuration of strata of 
Uniform density in the atmosphere, which is not symmetrical north 
^iid south of the zenith, may account for some of these variations ; 
but recent work by Prof. Albrecht and by myself has shown that 

l2 
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this source of error cannot be admitted. By the courtesy of Prof. 
Hehnert, I have received daily results for latitude from Berlin, 
Potsdam, and Prague from January 1889 to April 1890 ; and these 
show that the latitude from stars near the zenith is somewhat 
greater than that from all the stars, but the variation of latitude 
is about the same. 

It is very improbable that the configuration of the strata of 
the air woidd have been exactly the same at these three places, 
and so have caused the same anomaly. In this state of the 
question it is very important to determine whether, in other 
observatories, the same variation of latitude has been observed, 
and whether the variations have a periodic character and the same 
values a certain number of years ago. The Greenwich observa- 
tions from 185 1 furnish the best material; and I have used those 
of the zenith-distance of Polaris for my purpose. The variations 
of this, as pointed out by Mr. Downing, by Mr. Thackeray, and 
myself, are not wholly the result of a real change of latitude, and 
the other causes must be investigated. Mr. Thackeray has investi- 
gated the errors of reading of thermometers owing to position, the 
method of adopting zenith-point correction, and the discordances of 
observations that may vary directly with temperature and with 
humidity; but the results of his inquiry gave no assurance that 
either correction was an unmixed advantage ; while applied to low 
southern stars they are decidedly inadmissible. A correction 
depending on temperature will satisfy the discordances in the 
observations of Polaris. Prof. Bakhuyzen, continuing these in- 
quiries, finds no indication of differences depending upon motion of 
the instantaneous axis of rotation, while discordances corrected for 
excess of temperature show differences greater than the accidental 
errors. The parallax of Polaris has a small influence, but its value 
is too uncertain to employ it in the reductions. 

The conclusion arrived at, after careful discussion, is that the 
discordances in the zenith-distances of Polaris are, for the greater 
part, not caused by a real variation in latitude, but are chiefly an 
effect of temperature ; that error of external thermometer will not 
explain discordances; that the differences between exterior and 
interior thermometers can explain the greater part of the discord- 
ances ; that refraction in the observing-room is probably the cause ; 
and that discordances corrected for that refraction are about the 
same for both culminations, and can be explained by real variation 
of latitude. Assuming the two latter probable causes, a discussion 
of the Q-reenwich observations shows that there is a maximum of 
latitude on Pebruary 9th and a minimum on August 9th, these 
epochs corresponding very nearly with those deduced from obser- 
vations at Berlin, Potsdam, and Prague 1884-85 and 1889-60; 
but the amplitude of the variation is much smaller. There is a 
strong probability that the variations in these years were excep- 
tional, and do not agree with the annual variations deduced from 
observations from Polaris at Greenwich during the period 1851-82. 
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The Astronomer Eoyal. 1 must express my feeling of indebted- 
ness to Prof. Bakhuvzeu for having taken up this subject, which 
is a very important and difficult one. I should not like to express 
an opinion upon such a technical paper without having an oppor- 
tunity of considering it carefully. New screws in the microscopes 
may easily cause changes equal to the small quantities with which 
we are concerned in such a discussion. Then there is the all- 
important question of temperature in the observing-room. The 
transit-circle room at Greenwich is built with the gable running 
north and south, so there is an awkward angle somewhere near the 
position for observation of Polaris, and questions depending upon 
differences of reading of interior and exterior thermometers are 
raised. I am strongly of opinion that all these questions of astro- 
nomy of position depend very largely upon obtaining the true 
temperature of the air as affecting astronomical refraction, and it 
is an important point that the observing-room should be so ar- 
ranged that you get strata of air which will be approximately 
circular in meridian section with the instrument in the centre. ' 
More consideration is wanted before coming to a definite conclu- 
sion as to whether we are dealing with a real quantity or something 
depending upon instrumental corrections, but at the same time I 
am thankful to M. Bakhuyzen for having taken up this question 
and given us his views upon the subject. 

Mr. Turner. Perhaps, as some Fellows may not be quite familiar 
with this subject, I might say that Prof. Bakhuyzen* has really 
been dealing with two questions. One question has been raised 
in Q-ermany, as to whether the latitude is quite constant, and the 
Germans have been attacking that question by observing stars at 
equal zenith-distances on opposite sides of the zenith. They hope 
by this method to eliminate all questions of refraction. There 
remains then only a real variation, of latitude. M. Bakhuyzen 
has been discussing the observations of Polaris at G-reenwich with 
regard to this variation of latitude under the disadvantage that the 
observations are on one side of the zenith, and are therefore affected 
by refraction. It has been long known that there is some defect 
in refraction corrections, whether direct or indirect, with the result 
that the observations of the N.P.D. of Polaris do vary throughout 
the year; and this is the second question to be considered. 
Mr. Thackeray thought they varied with external temperature, 
but M. Bakhuyzen does not take this view. He says the differ- 
ences between temperatures inside and outside the observing-room 
have most effect. The zenith-distances corrected for refraction have 
been examined to see if M. Bakhuyzen could detect any change in 
latitude to correspond with the change noticed in Q-ermany, but 
no such change could be detected. In Berlin they found a change 
ranging over nearly half a second of arc in latitude, whereas for 
Greenwich I think M. Bakhuyzen found the change only something 
like one-tenth of a second of arc for the earlier years. On turning 
to the later years, from 1883 to 1889, he found at Greenwich 
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that the change was in the same direction, but perhaps greater in 
extent. 

Mr, Plummer. I think it would be interesting to know whether, 
in the opinions of the expert astronomers at Greenwich, there is 
any real evidence of a change in the latitude. The evidence I 
have seen does not seem conclusive to my mind, owing to its 
being mixed up with the question of the constant of aberration. 

Mr. Tv/rner, I believe the measures M. Bakhuyzen uses to 
deduce his results are first corrected to the new aberration. 

Mr, Downing, But the correction is \QYy small. Some years 
ago a proposal was made by some astronomer that to detect an 
annual period for this change of latitude, if it really exists, obser- 
vations should be made at different parts of the year at observatories 
having the same latitude but of different longitude. I believe a 
programme of this kind was drawn up and a proposal made that 
three observatories in Europe and three in America should co- 
operate. That seems the most satisfactory way of arriving at a 
conclusion upon this matter, but I am sorry to say that so far as 
I know nothing has been done to carry out this much desired 
work. 

Mr, Stone. I am afraid in questions of this kind there is a 
difficulty in arriving at any definite results. If you have your 
thermometers in the observatory a considerable distance from each 
other you cannot be sure you have them in positions that will give 
you the right refraction v^hen you are dealing with such small 
^(Uantities as those involved here. The real difficulty is the ques- 
tion of temperature, and there can be no doubt that this introduces 
uncertainties when you come to these small quantities, the un- 
certainties probably depending upon the exposure of the ther- 
mometer. I do not know of any method of deciding what is the 
proper exposure to give to a thermometer. 

Mr, Turner, It is only fair to M. Bakhuyzen to say that he 
entered upon the discussion of the changes of latitude after a 
careful consideration and discussion of temperature, and after 
making every possible consideration for the thermometers exposed 
in different directions. 

The President. I suppose there will always be a difference of 
opinion upon these small points until we find some perfect mode 
of providing for temperature, and there will probably always be 
some doubt as to which is the proper way of measuring that. In 
the meanwhile we may express our thanks to M. Bakhuyzen for 
the very interesting paper he has sent us. 

The Astronomer Royal then read his paper entitled " Notes on 
the Preparations for the Work of the Astrophotographic Chart.^ 
I thought it might be interesting to Fellows to know, as we are 
now at Greenwich beginning operations for the Astrophotographic 
Chart, what the state of affairs is, and how far we have got, because 
it is a matter in which one must proceed tentatively, and there is a 
great deal to be worked out. With Mr. Turner's assistance this 
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paper bas been drawn up on the subject, and has been divided into 
different heads. The first important matter was to have a catalogue 
of guieling-stars, by means of which the telescope might be fixed 
with, the centre of the plate in a definite position, so that we should 
have the centre of each plate in the selected position in the heavens, 
and thus be able to form a map. That is a matter which is not so 
simple as it appears at first. Prof. Bakhuyzen went into tiie ques- 
tion, and from his trials on a particular zone he came to the con- 
clusion that if he went as far as 22' from the centre, he would be 
able to get a sufficiently bright guiding-star within that distance in 
almost all cases ; but we found there would be a great advantage in 
extending that distance from the centre. Mr. Hollis, who has had 
charge of this work, has tried the two plans, and finds there is a 
distinct advantage in taking 30' as the limiting distance — that is to 
say, we are not obliged to take such faint stars. With the Greenwich 
i3"inch Equatorial there is a lo-inch guiding- telescope, and it is pro- 
posed to take, when possible, a star not fainter than 9th mag. ; but 
m some cases it is necessary to go down to 9^, using, in such cases, 
the star of brighter magnitude which is nearest to the centre as an 
alternative guiding-star. In the paper which has been drawn up 
the numbers of guiding-stars are given of the different magnitudes, 
according as you take 22' radius or 30' radius. In the zone with 
^hieh we are concerned there will be 90 stars of the 9^ in^. o£ 
-^^gelander (which really means anything down to loth ittag.) with 
22' as limiting radius, and there are only 28 of these stars with 30' 
radius, so there is an obvious advantage in extending the distance 
^^orxx the centre. There is another point that has to be borne in 
^ind, and which is obvious as soon as we begin to think of it, and 
that is that in order to get the position of the centre of the pJate 
^'^urately, we must allow for tie effect of the projection 01 the 
^pliere on the tangent plajie of the plate in taking the rectangular 
^'o^ordi nates of the guiding-stars. The next is the reseau which is 
be printed on the plate. Two very ^Q reseaux on glass have been 
ll^eeived from Prof. Vogel, and one has been mounted. This work 
^as proceeded slowly owing to the necessity of testing things after 
^^cli step, and each particular step has taken some time to properly 
^^ange. The reseau consists of two sets of lines, ruled at right 
?.^^Sles to each other on the silvered surface of a glass plate, the 
^^es heing 5 millimetres apart. The lines are cut through the silver 
^^ "tlie glass plate ; and the sensitive plate is put nearly in contact 
^ -^^tlx the reseau and placed in front of the object-glass of the photo- 
r^Ptic telescope. By means of an incandescent electric lamp 
PAacie^d in the focus of the object-glass the reseau is printed on the 
^^^itive plate, but is not developed until the plate has been ex- 
?^^^d on the stars, the stars and the lines of the reseau being 
^^^loped at the same time. The reseau thus serves to give re- 
-p^^tice lines for the stars, and also for the determination of any 
r^^'^rtion of the film. There can be no doubt, from our experi- 
^^ixts, that this method is perfectly successful, very beautiful 
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impressions being thus obtained, and our best thanks are due to 
Prof. Vogel for having worked out this valuable adjunct to the 
photography of the heavens. We have also discussed the deter- 
mination of errors of the reseau, because we did not like to assume 
that it had been perfectly ruled. The results so far show that the 
errors of ruling are very small, that the spaces between the lineg 
are sensibly correct, and that equality obtains throughout the 
whole length of the lines. The lines are parallel curves, and that 
is an important point to determine, because Prof. Vogel in giving 
the errors of the reseau only gave them for one part of each of th» 
lines and assumed that they held throughout. There is anothe; 
interesting point, and that is the relation of the weather to tfe 
course of the work. This year the weather has been not at vm 
favourable, and we have been much hampered by clouds and tli 
severe winter. In February, although we had many fine nigh* 
there was much fog, so I am not sure that this year can be tak^ 
as a fair sample of the amount of work we shall get done in a giv- 
time. I hope it is not. Besides weather, we have to consider tt= 
the work is only just commencing, and we have not yet got into tia 
way of it. Much time has been spent in instructing many memb^ 
of the staff, so that the results are not comparable or commensur^ 
with the work done or the time given to it. From Feb. 9 to March 
there were 29 nights continuous watch: 15 nights were cloudj^^ 
were partially cloudy, and 1 1 were available in some degree : 
photography, although several of these were more or less fog-^ 
' On these nights 21 photographs were taken for star-trails or regix^ 
work representing an exposure of 1 2 hours 49 min. Better resui 
will we hope be obtained as the work becomes more familiar. J 
is important to bear these difficulties with weather in mind, becaua 
some gentlemen who have looked at the work from a theoretical 
point of view have suggested going beyond the 14th mag. But this 
would mean increased exposure, and would very materially add t( 
the difficulties of getting results, and would lead to much delay ii 
the completion of the work. 

One of the resolutions of the Committee was that each Observa 
tory was to select the best plates that could be obtained. N( 
decision was arrived at as to what maker was to be selected t< 
supply the plates, and accordingly, at Q-reenwich, Paget, Star 
Cramer, Seed, and Mawson-Swan plates have been tried. Ou 
thanks are due to the various makers for the trouble they hav 
taken in making plates and in cutting them t.o the proper siz( 
After careful trial a slight preference is felt for the Star plates. 

Another question dealt with has been that of exposure, j 
resolution of the Committee instructed each observatory t 
practically ascertain the correct exposure to give for stars down t 
the nth magnitude, and plates for this purpose have been exposec 
in the region assigned to Greenwich, with exposures of 30 min 
6 min., and ij min. respectively. Mr. Turner has examine 
these plates, and finds that all the stars in Argelander are show 
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with 1 1 min. exposure, that is all down to practically the loth 
magnitude. He has also measured the diameters of the star-images. 
Fellows may be aware that there has been some question as to 
whether the diameter of a star-disk on the film varies as the square 
root of the time of exposure, as the cube root, or as the fourth root. 
Mr. Turner finds that on comparing the plates with 30 min. ex- 
posure with those of 6 min., the diameter varies between the cube 
root and the fourth root. A value of 1/3*3 was adopted as the index, 
and with that what may be called the constant of the plate was de- 
termined, and a method devised for calculating the time of exposure 
required to give certain diameters to stars of certain magnitudes. 
Taking the smallest diameter of the disk as 2", 12 min. exposure 
are required for a 14th mag., o*8 min. for an nth mag., and 7 sec. 
for a 9th mag. star. These results are quite preliminary, but they 
represent a fairly average night, and give some interesting informa- 
tion. 
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These figures are to some extent provisional, the work having 
been undertaken to settle the preliminary questions before the 
actual work of the star-charting can be systemically undertaken ; 
and not to give any scientific determination of accurate values. 
I do not know whether Fellows are aware of the precise conditions 
under which the preparation of the star-map is to be carried out. 
The Paris Conference decided on two sets of plates — one of stars 
to the 14th mag. for the star-maps ; and one with two exposures, 
one exposure to give stars down to the nth mag., and the other, 
after a slight displacement of the plate, to give stars of 9^ mag. 
Prom the Q-reenwich prehminary work Mr. Turner has found that 
exposures of 25 or 30 minutes will be necessary to get to the 
14th mag., and for the other plates (the catalogue plates) 2 min. 
and 30 sees, should be given. Those are our chief results. Con- 
siderable time was spent in alterations of the instrument ; and 
the bad winter came upon us before we could get properly to work, 
or the results would have been much fuller. 
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Mr. Stone. Have you made up your mind as to the mininu 
size of the disks yet ? 

T?ie Astronomer Royal. No, that is a question for det< 
mination. 

Mr. E. Robinson. "Will it not be difficult to get uniformity 
disks on difEerent plates ? 

The Astronomer Royal. The object is to get stars down to 
certain magnitude. If you can see the images, that is all that 
absolutely necessary. 

Mr. E. Robinson. There is no agreed standard ? 

The Astronomer Royal. No, it is a matter for experiment. 

Mr, Plummer. As representing one of the Observatories e 
gaged in taking one of these zones, I have to thank the Astr 
nomer Eoyal for the information he has put before us. The 
sharing in the work will find great advantage from com pari] 
results, and since some of my results, obtained at Oxford, do n 
agree with those obtained at Greenwich, a discussion on the poin 
raised will be of great interest. On the question of the distan 
of the guiding-star from the centre of the plate, I think the d 
lermination to increase the distance is very wise. After trial wi 
faint and bright stars for guiding-purposes, I find the distorti< 
which comes into the guiding-telescope with increase of distance 
of less consequence than the employment of a faint star ; but, ; 
the Astronomer Eoyal has mentioned, the increased distance i: 
troduces the mechanical difficulty in settling the exact point in tl 
centre of the plate, and I find I cannot get the co-ordinates exa 
to the 5" limit assigned by the Conference, when working outsi( 
the 22' field, although I hope to overcome that difficulty. I ha^ 
nothing but praise for the accuracy and scientific usefulness of tl 
re'seau. At Oxford, to print it on the plate, we place a sma 
incandescent lamp in the focus of a reflector, and use the parall 
rays. Dr. Grill when at Oxford, while examining our arrangement 
kindly undertook an examination of the uniformity of the lines c 
our reseau, and if others who have time will undertake simili 
work much saving of time to the workers will be effected. Tl 
errors of our reseau are, I believe, very small indeed. On tl 
point of exposure I cannot agree with the Astronomer Roys 
The Pleiades have engaged our attention during the winter, ar 
we have photographed them with certain exposures, and increase 
or diminished the time by a known ratio on the same plate. 
measuring the images I found 17 to 20 sees, necessary to give 
measurable disk of 3" diameter to a 9th magnitude star on fii 
nights, longer exposure being necessary on other nights. 

The Astronomer Royal. What is the zenith-distance ? 

Mr. Plummer. The declination is 22° N., therefore 30° is tl 
least zenith-distance. 

The Astronomer Royal. The greater zenith-distance \iould pn 
bably make the difference. 

Mr, Plummer. With our telescope a star-disk of 2" is not cL 
cemible unless you know where the star is on the plate. 
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The Astronomer Royal, A disk of 2" diameter would be given 
for a 14th mag. star with 12 minutes exposure according to our 
results, but in our notes we saj' 25 to 30 minutes will probably be 
required to give satisfactory disks. 

Mr, Plummer. The conclusion I have come to is that 90 minutes 
are necessary for a 14th mag. star on an average night. 

The Astronomer Royal, That exposure is impractieable. 

Mr, Ranyard, What plates have you been using ? 

Mr, Plummer, The same as the Astronomer E»oyal. The illness 
of Prof. Pritchard, in which we all sympathize with him [hear, 
hear], has prevented me from putting our notes fully before the 
Societv. 

Mr, Knohel, Can you give us any idea of the probable error of 
gradation of the reseau ? that would be interesting. 

The Astronomer Royal, We had a micrometer, used for 
measuring the Transit of Venus photographs, altered for this 
work, so that our measurements must not be considered as absolute 
or final. The millimetre scale of the instrument is not absolutely 
accurate, but, as far as the errors of this are known, we find the 
reseau errors are too small for us to detect with absolute certainty ; 
they are about the same as the probable errors of the deter- 
mination. 

Mr, Plummer. Do the Greenwich authorities find that the same 
magnitude is impressed in the same time all over the plate ? I 
found a decided want of smaller stars as I passed from the centre 
of the i)late, and this at 50' or 60' became more emphasized and 
accentuated. 

The Astronomer Royal, This would entirely depend upon the 
position of the plane of the plate with regard to the focal plane 
of the telescope. At Greenwich and at Paris the plate is put 
well within the focus for centre of field so as to equalize the 
error from curvature of the field. With this precaution you will 
get satisfactory results for a region 50' or 60' from the centre of 
the field. I should like to know the exact position of the plate 
with regard to the focal plane at Oxford, as if it is inside the focal 
plane I do not think the objection raised by Mr. Plummer is valid. 
On several plates taken at Greenwich, which were specially com- 
pared with Argelander's charts, the images of the fainter st.ars in 
Argelander were distinctly visible up to the edge of the plate. 

Mr, Ranyard, Plates differ with different instruments. I have 
been examining plates taken by Mr. Eussell at Sydney, and in those 
the falling-off in number is exaggerated owing to the larger field. 
This falhng-off' must depend upon the correction of the photo- 
graphic object-glasses. 

The Astronomer Royal, I w as speaking of what we may call a 
perfect object-glass for photographic purposes — that is, one that 
will give a lateral image that is symmetrical, not only with reference 
to the radial plane, but to the transverse plane. 

The President, Has the Astronomer Koyal heard of an object- 
glass by Steinheil, who claims that it gives circular images ? 
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The Astronomer Royal, I did not understand him to say 
circular. 

The President. He said he had made an object-glass with which 
he was going to get circular images in all parts of the field. 

The Astronomer Royal. What he got was a symmetrical image. 
I think it is geometrically impossible to get a circular image all 
over the field. 

Mr, Turner, I firmly believe that Mr. Plummer and I have 
arrived at the same facts, but expressed them in a different way. 
I believe Mr. Plummer really agrees with that table. It does not 
represent anything theoretical ; it is simply experimental. I do 
not mean to say I have measured a disk of 2". The table is only 
extended to 2" by carrying on the formula. 2" is the smallest 
disk you can be certain of. You get a well-defined disk of 3", but 
with 2" you can sometimes only see a star when you know where 
it is. Are you to consider as the standard the exposure with which 
you get a perfectly unmistakable star, or a star that you can find 
only when you know where it is ? The 14th mag. is unmistakable 
with 30 minutes exposure. 

. Mr, Plummer, The 14th mag. are to be left in the chart-form 
and not measured. If you are going to print you lose at once a 
very considerable number of stars. 

The Astronomer Royal, It is not proposed to print the 14th 
mag., I believe. 

Mr, Isaac Roberts. The drawings that the Astronomer Royal 
has made of star-images apply to the reflector as much as to the 
refractor. It is therefore a mechanical difficulty, and not simply 
due to the marginal rays not coming to the focus. The Companion 
to Polaris is about the 9th mag. I have been able to photograph 
it on some nights in a single second, and at other times it has taken 
one minute, so great is the variation in exposures due to atmo- 
spheric causes. 

Mr, Knohel, The difference of conclusion between Mr. Plummer 
and the Astronomer Royal with regard to the time of exposure 
for taking i4th-mag. stars is remarkable, and I would impress 
upon observers the very great importance of getting plates not 
only from the same maker but of the same making, and made on 
the same day, because plates made on one day differ from those 
made on another. I am informed by a large photographic plate 
maker that plates which are made on different dates are not com- 
parable. 

Mr, Ranyard, I think they should not only be made on the 
same day but at the same cooking. 

The Astronomer Roi/al, During the process of taking photographs 
we ought to take trial photographs on the same plates of a star like 
Polaris, and I am making arrangements to have a 4-inch Dallmeyer 
object-glass mounted at Q-reenwich so as to take test photographs 
every night. Then we can deduce the exposure required for the plate 
for the map and be independent of the makers. The changes in 
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the atmosphere are far greater than any change we have to anti- 
cipate in tbe plates. 

Mr, Ranyard, I think Mr. Eoberts will corroborate me that 
the changes in the night are so great that there is a change of a 
whole mag. 

Mr, Roberts, That is quite true in the case of Sappho. In 
some cases the trail is well defined in parts, while in other parts 
there are great differences in width of the trail ; and all within one 
hour. 

The President. Our cordial thanks are due to the Astronomer 
Eoyal for his paper, and for the great amount of information he 
has caused to be given to us by others. There is no doubt that 
the plates vary to some extent, but I think we are only beginning 
to find out the difficulties of making a photographic chart. 

Mr, Downing. Mr. Marth has sent a note, in the course of 
which he says : — The planet Venus will pass along Jupiter's system 
on February 6th, 1892. There is, however, a reason why the 
subject should be mentioned at the March meeting. At the time 
of the conjunction of the two planets they will be 3 3"' 5 east of 
the Sun. Jupiter reaches the corresponding western elongation 
on March 29 (Easter-day), and it will be well to call the attention 
of observers to the fact, so that before the end of the present 
month they may ascertain, by midday observations of Jupiter's 
system, whether their telescopes are powerful enough for observ- 
ing the conjunction on February 6th, 1892, which in our terrestrial 
longitude occurs in the forenoon. 

The following papers were announced : — 

A. A. Eambaut, *' On the Determination of Double-Star Orbits 
from Spectroscopic Observations of the Velocity in the Line of 
Sight." 

S, W. Bumham. " The Companions of Aldebaran." 

J. Kleiher. " Catalogue of 918 Orbits of Meteor-Streams, from 
the observations of Mr. W. F. Denning." 

Oarnbridye Observatory, " Mean places of Comparison Stars for 
the Planets Victoria and Sappho, observed with the Transit-circle." 

J, Oledhill, " Observations of the Satellites of Saturn : Con- 
junctions with the Centre of the Planet, observed at Mr. E. Cross- 
ley^s Observatory." 

J, E. Gore. " Observations of the Variable Star S (10) Sagittae." 

S. W. Bumham. " The Orbit of k Pegasi (/3 989)." 

Sydney Observatory, " Measures of Double Stars made in the 
years 1882-1889." 

A, M, W, Downing. " Comparison of the Star-places of the 
Grreenwich Ten-year Catalogue with those of the Second Mel- 
bourne General Catalogue, and with those of the Cape Catalogue 
for 1880." 

John Tebbutt. " Double-Star measures made at Windsor, New 
South Wales, 1889-1890." 
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A, M. W, Downing, " Note on the Orbit of Juno." 

Astronomer-Royal, " Notes on the Preparations for the Worl 
of the Astrophotographic Chart." 

H. O, van de Sunde BdJchuyzen, " Variations of Latitude de 
diiced from the Observations of Polaris made at Greenwich, 1851 
1889." 

Radcliffe Observatory, Oxford, " Observations of the Plane 
Victoria and comparison stars, made with the Transit Circle durin| 
the opposition of 1889." (Communicated by Mr. Stone). 

A. Marth, " Ephemeris for Physical Observations of Jupiter 
189 1." 

Thomas Richard Olapham, Austwick Hall, near Settle, York 
shire ; Arthur Kennedy, i Clement's Inn, W.C., were duly elect e« 
Fellows of the Society. 

The following Candidates were proposed for election as Fellova 
of the Society :— 

Alfred Henry Flson, D,Sc,y University College, London (pr* 
posed by F. W. Levander) ; Thomas Gordon, F.R.Met.Soc, 9 Scot* 
Street, Whitehaven (proposed by Sir R. S. Ball) ; George E, Ha— 
B,Sc , 4545 Drexel Boulevard, Chicago, U.S.A. (proposed by S. ^ 
Burnham). 



BRITISH ASTRONOMICAL ASSOCIATION. 

The fifth ordinary Meeting of this Association was held 
Barnard's Inn Hall, Holborn, on March 25, 1891, the Presid^i 
Captain W. Noble, in the Chair. 

The names of nine candidates for admission were read a»r 
ordered for suspension, and eighteen new Members were elected- 

Mr. Elger, the Director of the Lunar Section, read a paper cm 
Ptolemaus, which is one of the formations especially under sfrucfl 
by the Section at the present time, illustrating his remarks b/ 
series of slides, showing Ptolemaus under high and low illumina- 
tion. Mr. Elger drew especial attention to the true scale of th» 
formation, which covers an area equal to that of Ijancashire, York: 
shire, and Westmoreland, pointing out that what observers ara 
accustomed to speak of as pits, holes, mounds, or hillocks, are 
really very large objects, that many of the minor features on the 
floor of Ptolemaus are really as large, not merely as the crater oi 
Vesuvius, but as the entire mountain. He strongly recommendeJ 
draftsmen not to attempt too much at one sitting. It was far 
better to delineate thoroughly a small portion of the surface thau 
to make a hasty and imperfect sketch of a large district. He 
mentioned also that he had discovered a new straight ray on the 
floor, and specified several other points upon which the work ofl 
the Section had increased their knowledge of the details of the 
formation. 
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Mr. Green gave an address on the Lunar Seas, also illustrated 
by lantern-slides. He said that in his paper he was rather going 
to take an opposite course to that recommended by Mr. Elger, and 
deal with general yiews rather than with minute details. lb was 
argued by Nasrayth and Carpenter that the Lunar Seas were the 
oldest formations on the Moon. He thought he could show that 
was nob the case. First of all he would point out that the largest 
seas were near the centre, and that they decreased in size towards 
the limb, and there was no trace of a sea on the limb itself at any 
period of the libration. That looked as if position relative to the 
Earth had something to do with them. Then we found craters 
with their seaward walls broken down round the margin 06 the 
seas, e. g, Fracastorius on the Mare Nectaris ; the Sinus Iridium 
on the Mare Imbrium, and so on. The relics of the missing wall 
looked like a piece of melted material. On this view Pico and 
other isolated mountains were to be looked upon as the remnants 
of ranges. The Appenines appeared as if they had been under- 
mined by some liquid, for great masses which appeared to have 
fallen from their summits lay parallel to them. Mr. Green then 
explained how he thought that the lunar tides might have given 
rise to the formation of these seas. 

Other papers announced were : — " The Canals of Mars,*' by A. 
Stanley Williams. Three papers on the " Determination of Star 
Colours," by W. S. Franks, the Eev. W. E. Waugh, and B. J. 
Hopkins respectively. " Selenographic Studies," by Victor Neilsen. 
'* Is the Moon cased in Snow ?" by S. E. Peal. " Sun-glows," by the 
Eev. S. J. Johnson. " Two New Eed Stars, and a possibly Variable 
Star," by the Eev. T. E. Espin. " John Michell," by J. E. Sutton. 
•' The companion of Sirius," by J. E. Gore. '* Sketches of Jupiter 
and of the Zodiacal Light," by E. M. Antoniadi. 



EOYAL METEOEOLOGICAL SOCIETY. 

The twelfth annual Exhibition of Instruments was opened on 
March 3, in the rooms of the Institution of Civil Engineers, 
25 Great George Street, Westminster. The Exhibition this year 
was devoted to Eain- and Evaporation-Gauges, and new instru- 
ments constructed since the last Exhibition. 

Almost every known pattern of rain-gauge that has been used 
in this country was shown ; most of the gauges have funnels 5 or 
8 inches in diameter. The Meteorological OtiSce 8-inch gauge is 
generally regarded as the best gauge for ordinary observers to 
whom cost is not a primary object, as it has all the good features 
of the Glaisher and of the Snowdon patterns, and, being of copper, 
is very durable. In mountainous districts, where the rainfall 
is heavy, and the gauges can only be periodically examined, gauges 
capable of holding 40 or 50 inches of rain must be used. Speci- 
mens of these gauges, as well as of the rain- and snow-gauges used 
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in France, Germany, Bussia, Switzerland, and the United States, 
were shown, as also were some interesting storm-gauges and self- 
recording gauges. The evaporation-gauges included several 
instruments employed for measuring the evaporation from a free 
surface of water, and others for use with growing plants. A 
number of new instruments, among which are various anemometers, 
recording barometers, and cameras for meteorological photography, 
and an interesting collection of maps of rainfall over the British 
Isles and various parts of the world, as well as numerous 
photographs of floods, meteorological phenomena, &c., were also 
on view. 

The usual monthly meeting was held on March i8. Dr. C. T. 
Williams, Vice-President, in the Chair. 

Mr. Q-. J. Symons, F.R.S., read a paper on the 'History of Eain- 
Gauges,' from which it appears that Sir Christopher Wren, in 
1663, designed not only the first rain-gauge, but also the first 
recording-gauge, although the instrument was not constructed till 
1670. The earliest known records of rainftill were made at the 
following places: — Paris, 1668; Townley in Lancashire, 1677; 
Zurich, 1708; and Londonderry, 171 1. Mr. Symons gave a very 
full account of the various patterns of rain-gauges, and in most 
instances pointed out the merits or defects of each. 

Mr. A. W. Clayden, M.A., showed, on the screen, a number of 
interesting transparencies of photographs of clouds, lightning- 
flashes, and other meteorological phenomena. 



Notes on Visits to some American Observatories, 

Last autumn (October, 1890) opportunity offered itself for 
visiting America. The dismounting of the 2 5 -inch refractor at 
Gateshead was begun in September, and the work was well 
advanced by October 15th, for 1 had seen the telescope dismounted 
without hitch or accident, and had realized afresh to what a colossal 
creature the disjecta membra belonged ; had escorted the object- 
glass to Cambridge, and safely deposited it in the library of the 
Observatory, where it received a warm w^elcome; had seen the 
prehmiuary trenches dug for the foundations of the building on 
the new site ; and had left Messrs. Wailes & Co.'s workmen at 
work on the dismantling of the iron dome and outbuilding at 
Gateshead. The work was then well in hand, and Mr. Common's 
kind consent to have any questions that might arise referred to 
him, relieved my mind of all need for anxiety, though it was ac- 
companied, like other brain-tonics, with a slight bitter taste in the 
shape of a suggestion that on my return he would welcome me 
in the capacity of Hungry Editor. Many a time, in hearing of 
some special bit of work accomplished, I have thought " this will 
be news to interest readers of * The Observatory ' ; ■ ' but on my 
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return, I glance through the numbers of * The Observatory/ and 
find with dismay how terribly up to date the Editors have kept the 
public. All my interesting points are stale news, aud it seems as 
if all I can do will be to hold a kind of audit, and add signature to a 
statement to the effect that the items of news from certain Ame- 
rican sources have been examined and found correct. 1 cannot 
hope to impart the vividness that comes of beiug able to connect 
the personality of the worker with the account of his work, but the 
instructions for people who wish to attain it are simple enough — 
" go and do Kkewise." The carrying out of these instructions may 
be another matter; but if any one is induced to make the trial, he 
will find (if I may generalize from my own experience) the kindest 
possible welcome and open doors to mines of interest in results 
and methods. 

A pilgrimage to Mount Hamilton does undoubtedly involve a 
great deal of travelling ; but when the route chosen carries one 
into Canada up that magnificent front drive — the St. Lawrence — 
through that magnificent front gate — Quebec — to Montreal ; over 
the Canadian Pacific Eailway to Vancouver and Victoria; on a 
peaceful Pacific round Cape Flattery, and through the Golden 
Grate to San Francisco, there is no thought of hard peas beneath 
one's feet. So from our start from Liverpool, October 23rd, to our 
arrival in San Francisco on November 23rd, the time seemed 
short when we considered that in that month we had spent five 
days in Montreal, and a total of five or six more in the Eocky 
Mountains, Vancouver, and Victoria. 

At the Lick Observatory, Prof. Holden gave us — my wife accom- 
panied me in these journeyings — a very hearty welcome, and we spent 
three splendid days and nights in becoming initiated into the mysteries 
and beauties of the top of Mount Hamilton. From San Francisco 
a journey of two hours in a train took us southwards through the 
wide and extraordinarily fertile Santa Clara Valley to San Jose, and 
thence a pretty pair of chestnuts dragged us up the hill road 27 
miles. The big dome of the Lick Observatory is visible from San 
Jose as a white spot on the hill top, 4209 feet above the sea. Though 
so late in autumn the weather was wonderful ; there had, however, 
been no rain in September, and so we learnt something of the diffi- 
culties of life up there. Our host, in greeting his dust-bestained 
guests, said that " we might drink water, and now and then wash 
our faces, but baths were out of the question.'' Now the drive had 
been very dusty, and I fear we washed our faces too often, for on 
the last night of our visit there was not enough water to work the 
engines to turn the dome of the big refractor. Three days later the 
long-expected rain came, and we felt glad that the siege of the astro- 
nomers had been raised, but still more glad (I may confess) that we 
had visited them during the siege, and had not come in for the 
downpour. 

The sight of the sky at night was superb. In the daytime I 
was surprised to see how strongly polarized the light from the sky 
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was, judging at least from the intensity of '' Haidinger's brushes , 
this intensity may, however, have been due to increased sensiti*^^ 
ness of the eye in unusual surroundings. There was undoubtec^ 
a large quantity of dust in the air ; and at sunset there rose fr^^ 
the plains the blanket of fog to which is ascribed the steadines 
the atmosphere above the mountain ; only the highest peaks 
above the fog. It was inevitable that our visit should fall on ni _ 
near full moon, but even with the disadvantages caused by moo 
shine in observing, it was worth foregoing some of the observi^^ 
to realize what moonshine can be. 

That evening we spent some time in the big dome, and M^ 
Burnham showed some extraordinarily fine doubles. The finene ^ 
of the star-images and the steadiness of the atmosphere made oc::^ 
realize what magnificent opportunities are there. The compani 
which Bumham has found to HerschePs companion to Aldeb 
WPS splendidly clear. [This I foiled to see at Washington on 
good seeirg night with the 2 6 -inch, but at Princeton Prof. Tourr^ 
and I SP.W it with the 23-inch.] A very fine double close to Alcyom 
with separation of about o"*25 was well seen. It was strikiiir: 
to see the ease with which the instrument was handled. MH 
Bumham's son assisted him. The dome was turned easily surz 
quietly by means of a water-engine. A very convenient hom — 
made chair of Mr. Bumham's device was in use on the movabs 
floor. The movement of the floor seemed to be effected witho " 
diflBlculty, as I saw next morning ; but alterations are contemplate^ 
which wiU make it more advantageous and convenient. 

Later in the evening. Prof. Holden showed me numbers 
photograph3 taken with the big refractor, some of the most inter^^ 
ing being short-exposed plates of nebulsB, in which the nucleus 
the nebula makes its mark as a fire point hardly distinguisha-Tl: 
from neighbouring 8th or 9th magnitude stars. These are tal^i 
with a view to deciding the question of the existence and ma^^ 
tude of the parallax of nebulae. Special photographs have to 
taken to determine the exposure suitable for each nebula. P:r« 
Holden had just devised arrangements for taking enlarged phot 
graphs of details of the Moon, the clockwork being in this cas^ 
source of difficulty. Messrs. Barnard and Burnham are bo 
finished photographers, and some of Mr. Bumham's photogr&l> 
bearing upon the question of short exposures for showing min 
differences of intensity were extremely interesting. 

Mr. Barnard was most kind in showing on our third night> 
Mount Hamilton the admirable qualities of the 1 2-inch. This 
originally the property of Dr. Henry Draper, and was only gi"^^ 
up by him when he got the i i-inch photographic glass whicl*. 
doing such good work at Harvard in Prof. Pickering's haxi-^ 
Mr. Barnard was still perturbed by his observations on the abx:^ 
mal appearance of a satelHte of Jupiter, which was seen to 
either double or belted, or in some way distorted whilst passin^^ 
front of Jupiter's disc. But these mental perturbations 
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rather hidden by the satisfaction in recovering a comet for some 
time lost to sight. This comet is 1889 d, discovered by Brooks in 
July 1889, and is probably destined to become notable, inasmuch 
^ Mr. Chandler, of Cambridge, Mass., welcomes it as LexelFs 
Comet, and shows that it has passed so close to Jupiter, that a 
satellite must have passed through its tail. Mr. Barnard got ob- 
servations of it in November, and has, I hear, got later ones in 
December ; these will be of very great interest. It is to be noted 
that this is the recovery of a comet too faint for smaller instru- 
ments. 

It was a disappointment to me not to meet Mr. Keeler, who has 
charge of the spectroscopic work with the 36-inch. He was 
absent from Mount Hamilton at the time. He had lately got very 
satisfactory results in measurement of motion in the line of sight 
working with a diffraction-grating in spectra of the 3rd and 4th 
orders. The jnode of checking results by measurement of motions 
otherwise known, e. g., the motion of Venus, has given great 
Weight to measurements of motions not otherwise known. We 
ttiust join Mr. Maunder in congratulating Mr. Keeler on the ex- 
cellent agreement of independent measurements of such small 
velocities (' Observatory,' No. 168, p. 354). 

, The very difficulties met with in using a large refractor like the 
^ick telescope form a subject of extreme interest. One has food 
lor reflection when one realizes (i.) that the position of the photo- 
S^^phic plate may vary as much as two inches along the axis of the 
'telescope to give the best results in enlargements according to 
Y*e tind of object photographed and according to the kind of 
jj^tail desired; (ii) that the collimator tube of the spectroscope 
?® possibility of motion 4 inches along the axis in order to 
§^^e the best results in different parts of the spectrum ; and (iii) 
^at a keen observer (Mr. Keeler) is able to detect stars of the 
Y olf-Eayet type in virtue of the dispersive power of the objective 
^lotie, which objective has been carefiilly and satisfactorily corrected 
i-v^ ^^hromatism, and compares very favourably with, for instance, 
*he Tienna and Pulkowa glasses. 

E*or the satisfactory utilization of the 36-inch in various lines of 

Research, Prof. Holden has arranged that for two nights a week 

P^^otographic work goes on under his direct care, for two nights a 

^^ei Mr. Bumham uses it for micrometric work, and for two 

^Slits a week Mr. Keeler is doing spectroscopic work. Mr. 

T^^lxaeberle has charge of the meridian work. It may be a ques- 

*'ioix how far it is desirable to employ one telescope in so many 

^^^8 of research ; but the question presses perhaps less for solution 

^^ Id^ount Hamilton than in other places, on account of the very 

^^ge number of observing nights; this makes it desirable to 

^^"Uble the staff working with the one instrument, and practically 

^^phcates the instrument from the standpoint of less favourably 

sitiuated observatories. So each observer works on his two nights 

^® if all the other nights were cloud v, and without doubt these 

M 2 



156 Windsor Observatory, N.S.W. [No. 1 

other nights are bad observing nights for him. And one cai 

but be struck with the spirit that prevails, and which makes 

feel that the Lick Observatory is essenti^y one of the wo: 

observatories, apart from any nationality. 

' Afterleaving Mount Hamilton, we spent three days at Monte 

& most beautiful spot on the Pacific coast, and thence went to 

Francisco, to begin our homeward route. For the sake of soutl 

climate we chose the Southern Pacific or Sunset Eoute, anc 

passed through California to Los Angeles, and acjoss Arizona 

Texas to New Orleans ; and in a fortnight's time, which inclu 

a digression to see old friends in the heart of Florida, and ah 

snowstorm in Virginia — the so-called "severest for 50 years"— 

reached Washington in the last days of December, and felt thai 

were in a land more densely populated with observatories. 

Cambridge, 1891, Mar. H. F. Newau 

[To be continued.] 



A Visit to the Observatory at Windsor, N,S, W. 

The morning in January on which I visited Mr. Tebbutt's obi 
vatory at Windsor was not a typical day of sunny New So 
Wales, but reminded one more of Old England, it being dull i 
overcast and by no means warm. 

Windsor is about 30 miles distant from Sydney in a noi 
westerly direction and I proceeded to it by train ; Sydney is S( 
left behind and we run through pleasant suburbs, here and th 
having glimpses of pretty villas with their broad verandahs, I 
hidden behind the profusion of a semitropical vegetation. Th 
soon become scarce and we begin to traverse tracts of bush, as 
Australian woods are called, occasionally cleared to make room 
orange-groves and vineyards. We speed past Parraniatta (v 
known to astronomers by Sir Thomas Brisbane's catalogue 
stars), and in due course reach Windsor, an old town for A 
tralia. Strangers need have no fear of not finding their way, 
everybody knows Mr. Tebbutt, whose name, indeed, has becon. 
household word in AustraUa through his endeavours to creats 
interest in our science. 

The observatory is situated on rising ground a little way k 
from the road and not far from the junction of a small str"* 
with the Hawkesbury river. I mention this, as, although 
observatory is 50 feet above the river-level, it has been floo 
In 1867 the river rose no less than 627 feet, flooding the ofc 
vatory and also Mr. Tebbutt's private dwelling to the ceilings om 
ground-floor. Floods of 40 feet are not too scarce but they d<i 
invade the buildings. A splendid horizon is formed on the n<: 
west by that strange range, the " Blue Mountains," and such L^ 
extreme purity of the air that Mr. Tebbutt tells me he can» 
tinctly see stars set behind them. 
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The observatory has been well described by Mr. Tebbutt in his 
'History and Description' of it, published in 1887, and I need 
only remind readers that the chief instruments are an 8-inch 
equatorial refractor bj Grubb and another of 4J inches by Cooke, 
and a transit instrument of 3 inches clear aperture very solidly 
mounted after Mr. Tebbutt's own designs. To be sure of the 
workmanship, Mr. Tebbutt built the masonry for his transit 
instrument himself, and, in reference to the many mechanical 
refinements upon refinements seen in some observatories, he 
remarked : *' Ah ! I don't believe in too many ; those telescopes 
never do much work." 

In a country where astronomy is but little thought of, it is 
pleasing to come across such a bright exception as Mr. Tebbutt, 
himself an Australian who has never been out of New South Wales, 
and who truly loves astronomy for its own sake, and who has 
pursued it with unflagging devotion for now nigh on 30 years, and, 
as he modestly remarks, " doubtless with some service to the cause 
of Astronomy." 

The long list of contributions to the pages of the * Observatory/ 
' Monthly Notices,' and ' Astronomische Nachrichten ' testify to 
this latter fact ; indeed, situated as Mr. Tebbutt is, in the Southern 
Hemisphere, his long series of observations is invaluable. We 
may remark, too, that not only has he equipped and kept up the 
observatory at his own expense, but he has also made all the 
observations and himself computed nearly all the reductions ; and 
this, for an unbroken period of over a quarter of a century, and so 
far distant from those taking an interest in his pursuits that it 
creates, as he plaintively remarked, a feeling of isolation. 

I saw the observation journals and forms of reduction, all most 
methodically kept and every computation thoroughly checked. 
The high weights awarded to the Windsor observations in the 
cometary researches undertaken by German savants is the greatest 
compliment on his work and accuracy that Mr. Tebbutt could well 
receive. Mr. Tebbutt drew my attention to a fact that I have 
not seen noticed in works on astronomy. I was speaking to him 
about the angle from N. point in observing an occultation; 
he said that he took no notice of these angles, as all he had to 
do was to put the micrometer- wire near the circle of declination 
the star is situated on, for there it must both disappear and 
reappear. Climatic differences have now and then given rise to 
the necessity of corrections unknown in colder or less extreme 
climates. The thermometer often registers over 100^ in the shade 
in summer and has even registered 117^, but Mr. Tebbut has 
taken every care to minimize the effects of this extreme heat on 
his transit observations. 

The occasionally excessive rainfall, sometimes 20 inches in 4 days, 
has had the peculiar effect of altering irregularly the altitudes of 
the piers of the transit iustrument, and on fine warm nights the 
mosquitoes are by no meaus to be despised when making a delicate 
observation. 
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The amount of work accomplished by Mr. Tebbutt shows what 
private observers can do if their enthusiasm is tempered with 
system. 

The intense purity of the skies in Australia can hardly be con- 
ceived by people living near London. The colours assumed at the 
setting of the sun are very fine, a dehcate rose tint as contrasted 
with the red in England, with often a few isolated pink streamers 
extending high into the heavens. 

On dear dry days the sun shines with great force, so that even 
when not looking towards light people in the open air contort 
their faces on account of the glare. 

The heavens generally are more striking than in the north, and 
no doubt as Australia becomes more settled observers will become 
frequent and share with Mr. Tebbutt the position he now holds 
alone. 

In conclusion, perhaps you will allow me to use this oppor- 
tunity of thanking Mr. Tebbutt for his genial hospitality to a , 
stranger. His English welcome was peculiarly acceptable in _i 
strange surroundings. The picture of his home near las Obser — . 
vatory, in which he is quietly devoting his life to astronomy vrith^:: 
his family round him, occupied my recollection very pleasantly oirrai 
tbB return journey to Sydney. E. T. A. Innes. 



Selenographical Notes. 

ViTELLO AND LuB. — All the large formations which figure 
the border of the Mare Humorum possess characteristics that dL 
tinguish them from the ordinary type and render them and th 
surroundings peculiarly interesting both to the observer and t 
lunar theorist. On the north we have Gassendi, with its wonder 
interior, rent in all directions by clefts, and exhibiting a cen 
mountain of curious complexity ; on the west, Agatharchides a 
Hippalus with their incomplete borders and remarkable rill-systen 





on the east, Mersenius with its convex floor, and Doppelmayer— 
another example of a ring with a ruined wall ; and, finally, on t= 
north, Vitello and Lee, the first being one of the very few instan 
of a ring-plain within a ring-plain ; and the last, a fourth exam 
of the partial destruction, from causes unknown, of the side o; 
formation facing the Mare. 

Excepting the representations in the maps of Madler, Neison, 
Schmidt, there are few published drawings of Vitello. The f o 
tion is comparatively small, and surrounded on every side ex 
the north by an amount oJF detail which requires a much lar^ 
scale for its adequate representation than those of any of the a 
charts. Schmidt's map of it, except as regards the interior, is 
from being the most successful example of his skill in lunar d 
neation, and this remark applies especially to his drawing of 
region east of Vitello (including Lee) and the southern sid 
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Doppelmayer. Vitello shares with Taruntius the peculiarity of 
possessing an inner concentric ring ; but this feature in the case of 
the latter is not complete, exhibiting a want of continuity in two 
or three places ; while the interior rampart of Vitello has no 
apparent break, though its very close contiguity with a very 
massive and interesting central mountain, rising considerably above 
its summit, often prevents it from being seen in its entirety. 
Irrespective of this, however, it is by no means an easy object, to 
be viewed at any time when the central portion of the floor is free 
from shadow, for one often fails to glimpse it, even when con- 
ditions are to all appearance favourable and small details on the 
floor easily seen. This may be, and probably is, due to very 
slight changes in the angle of illumination. On January 21, this 
year, 9*^ o" to 10** o™, a good view was obtained of it with a power 
of 350, the E. longitude of the morning terminator being about 
50°. It was traced completely round the central mountain, and 
appeared to be of equal brightness throughout, except a narrow 
section of it, east of the centre, where it was crossed by a thin 
wedge-shaped dusky marking, extending from the then narrow 
shadow of the cenlral mountain to the foot of the eastern wall. 
On this mountain two of Schmidt's craterlets were comparatively 
easy objects, but no traces were seen of the third, which he shows 
near the inner foot of the north wall, though I had a distinct view 
of it on November 28, 1884, at 8*^, under a lower Sun. Schmidt 
and Neison represent the border of Vitello as continuous, but at 
sunrise, and for some time after, there are clear indications of two 
narrow breaks in it on the north-west. These are prominently 
shown by Madler, and one of them by Schroeter (T. LIV. fig. 2). 
On the opposite side, the crest of the south-eastern section of the 
wall is loftier than the south-western section, and, instead of being 
continuous with the latter on the south, appears to turn suddenly 
southwards and form part of the range of which Nelson's /3 is one 
of the loftiest mountains. Two straight dark streaks were noted 
on the floor, one commencing at the qitasi gap in the north-west 
border and forming a tangent to the northern side of the inner 
ring, and the other, nearly parallel to it, on the extreme southern 
side of the interior. 

Between Vitello and Lee, but nearer the latter, there is a very 
peculiar circular formation, an evident depression in the plateau, 
bounded on the south and east by two prominent mountain masses. 
A bright little crater is the only object which breaks the monotony 
of its smooth interior, which is or a much lighter tone than the 
surrounding region. A remarkable rill-like valley, commencing 
on the west side of the more westerly of the two mountains just 
mentioned, winds round the southern and western side of this 
depression, gradually increasing in width and depth as it proceeds 
northwards, and being concentric with its circular margin. It 
ultimately cuts through the cliffs bordering the Mare west of Lee, 
and extends, I believe, as a delicate cleft some little distance on the 
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surface of the Mare towards the point of junction of Doppelmayei 
and this formation. It is a very noteworthy object, resembling ar 
old river-bed, and deserves attention, as hitherto it appears to havi 
been unnoticed, or, at any rate, unmentioned. Schmidt shows onl; 
a few of the many isolated features visible at sunrise within th, 
bay-like inflection called Lee, or on the site of its ruined waL 
Their visibility is very ephemeral. On January 21st not a trac 
of one of them was apparent on the uniformly grey surface, wi^ 
the exception of a crater near the middle of the opening, and 
faint steeak traversing it proceeding from the northern end of t"!; 
bay towards the place where the curved rill cuts through the cliC 

Thos. Gwtn Elgeb^ 

Seaumont House, Shakespeare Boad, 
Bedford, 1891, March 19. 



CORRESPONDENCE. 

To the Editors of ' The Ohservato^'y,^ 
CassinVs Division in Saturn's Ring, 

GrENTLEMEN, — 

It is somewhat amusing to read, in M. Gruillemin's recentU 

published ' Les Planetes et leurs Satellites,' the statement b 

reference to the discovery of the principal division in Saturn's rin 

(note to p. 200), that " d'apres les astronomes anglais, il parai 

que dix ans plus tot [than Cassini's discovery] (en 1665) Pastrc 

nome W. Ball aurait, k Taide d*une excellente lunette de 38 pie J 

de distance focale, reconnu que Tanneau etait double . . ." Thi 

misconception on which this was founded was, as is well know" 

to all your readers, and doubtless to most astronomers, fully e» 

plained in 1882, so that the English works from which M. Gruillp 

min derived the above statement must be at least neariy nic 

years old. Tours faithfully, 

Blackheath, W. T. Ltnw. 

1 89 1, March 18. 

Celestial Spectrum Analysis. 

GrENTLEMEN, — 

You have been so kind as to insert in the last number 
the 'Observatory' a review of my book 'Die Spectralanalyse (S 
Grestirne,' for which I desire to express my thanks ; which are aZI 
due to Miss Gierke, who has praised my work in such flatterL— 
terms. 

There are a few points which have called forth adverse criticise 
in some cases Miss Gierke being certainly right, while in others ^ 
is I think wrong. However, I should not have mentioned th 
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were there not one point of such high importance, that it is my duty 
to defend my opinion. Miss Gierke says: *' Unfortunately, however, 
the wave-lengths are given in a Potsdam scale, the introduction of 
which is equally unnecessary and undesirable. Angstrom's scale 
cannot, of course, be permanently retained, but Eowland's is its 
destined successor, and the multiplication ot* standards should be 
strenuously resisted." 

Miss Gierke cannot have read my explanation of the reasons which 
decided ray use of the Potsdam wave-lengths (page 170). I should 
like to hear upon what grounds Miss Gierke bases the inference 
that Rowland's tables are to be the successors of Angstrom's. 
Upon ground, I fear, artistic rather than scientific. 

There can be no doubt that Rowland's tables are finer tha.n the 
Potsdam ones, nor that they are the best which exist, but 
unfortunately Prof. Rowland has not given a catalogue of all his 
lines from exact measurement of the negatives. The wave-lengths 
taken from the Rowland tables can be employed for many purposes, 
but not for all — for example, for the reduction of photographic 
stellar spectra they are not sufficiently complete. The Potsdam 
wave-lengths can be employed for all purposes ; I know no otlier 
catalogue of such completeness. Moreover, the Rowland standards 
have been changed from time to time, and there is no publication 
which makes directly evident the method by which the Rowland 
standards have been calculated. They all depend on the wave- 
length of one single line. On the contrary the Potsdam calculations 
are accessible to everybody. 

It is as if we compared a fine chart of the heavens and a meridian 
catalogue of stars. JFor orientation the chart is indispensable, and 
in some cases the positions taken from it suffice, but in many 
others they do not, and then we must ha^'e the catalogue. In 
practice exact values of wave-lengths are much more useful than 
the best reproductions of spectra, and I believe that if Miss Gierke 
had to deal with the measurement and reduction of good photo- 
graphic stellar, or other, spectra, she would use Rowland's tables 
for orientation, but when it came to reduction she would say 
" Give me the Potsdam Gatalogue." And thus my opinion is, as 
already expressed in my book, use both — one for orientation, the 
other for calculation. Since the constant differences between 
Rowland and Potsdam are small, there is no difficulty in finding 
Rowland's lines by Potsdam wave-lengths. 

Therefore I must say, that if I had to write my book again I 
should again use the Potsdam wave-lengths. I should be glad if 
this discussion could contribute to the propagation of the Potsdam 
wave-lengths among practical workers in spectrum analysis, so that 
" the multiplication of standards might be strenuously resisted." 

Tours faithfully, 

Potsdam, 1891, Feb. 28. Dr. J. SOHEINEK. 
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The Perseid Radiant. 

GrEKTTLEMEy, — 

Eecent articles which have appeared in the astronomical 
journals in relation to the Perseid Kadiant have caused a deeper 
tone of interest to he attached to any reliable meteor work that has 
been done during the early part of the month of August. Those 
who are interested in meteoric astronomy will hail with pleasure 
the list of 418 meteor-paths which appear in No. 3016 of the 
* Astronomische Nachrichten.' They are observations made at 
Warendorf in the year 1888, chiefly on August 8, 9, and 10, by 
Flassmann and others. 

I have made an independent examination of these paths for the 
purpose of sorting out the Perseid meteors. The results are inter- 
esting, as they in part bear out Mr. Denning's conclusions, and 
add weight to his discovery of the shifting of the radiant of these 
August Perseids. My conclusions are as follows : — 

Date. Badiant Point. No. of Meteors. 

August 8th 41° 4-52° 21 

August 9th 44 +55 28 

August loth 4^+53 65 

It is noteworthy that these collective meteor-paths give a radiant 
for August 8th very near to that found by the independent obser- 
vations of the writer and Mr. Denning for the same date in the 
year 1888. The E.A. of the radiant is the same in each instance, 
but the Decl. as found from my discussion of Plassmann's list is 
5° south of that found by myself and Mr. Denuing from our sepa- 
rate observations on this date. 

The diffuse character recorded at Leeds and Bristol for thcE 

Perseid radiant in 1888 is also very prominently marked fro: 

Plassmann's list ; but the centre of radiation is very clearly shown, 

although the diffusion extends over several degrees both in R.A 

and Decl. Tours faithfully, 

70 North Street, Leeds, DaviJ) Booth. 

1891, March 14. 

Early Comets. 

GrENTLEMEN, — 

For the completion of a good catalogue of Comets such 
that in Chambers's work a few additional entries still seem nece 
sary, as e. g. : — 

A.n. 541. "A comet appeared in Gaul so bright that the whoLKT 
heaven appeared to be on fire ■' (Mat. of Westm.). 

A.n. 906. " A comet appeared and lasted nearly half the year 
(Mat. of Westm.). The length of time shows that this is quil 
distinct from the Chinese observation of 905, for that comet w; 
seen for less than a month. 

A.I). 1077. "A blazing star appeared on Palm Sunday, being i6 
April, about six of the clock, when the air was fair and clea 
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(Hollinshed's Chronicles). It is difficult to see to what the reference 
can be, except to a comet, as no new star is recorded. 

One is almost disposed to refer the following description to a 
comet : — 

A.D. 849. " A pillar of light rose up to heaven and was visible for 

thirty days." This is very unlike any reference to an aurora. 

Tours faithfuDy, 

Melplash Vicarage, Dorset, S. J. JOHNSON. 

1 891, March lo. 



OBSERVATORIES. 

Paeis. — Volume xix. of the ' Annales,' dated 1889, is a collection 
of Memoirs of which several, if not all, have already appeared in 
a separate form. The first, by M. Perigaud, is a detailed account 
of the method used for determining the division errors of a Circle. 
The second is a contribution to planetary theory by M. Boquet, 
being the calculation of the eighth term of the disturbing function. 
M. Tisserand has shown how essential this term is to the theory of 
planets like Pallas, whose orbits are of more than average eccentri- 
city and inclination. The third paper is on personality in measure- 
ments of double stars by M. Bigourdan. He recommends as the 
most satisfactory method the use of an artificial pair of stars which 
can be set to known distances and position-angles, whose magni- 
tudes can be altered at will, and the images of which can be dis- 
turbed and diffused by a gas-flame so as to give all the disadvan- 
tages of celestial observations ; and describes in detail an apparatus 
for the purpose by which he determined his own personality. 

Then follow the Comet observations made from 1835-1855. 
During this period 39 Comets were observed, but the results have 
never yet been published ; and M. Bossert has now charged himself 
with the publication. Two memoirs by M. Callandreau and one by 
M. Henry on the figures of the heavenly bodies ; M. Badau's essay 
on refraction ; and a short paper on the stability of the Solar 
system by M. Eginitis complete an important and interesting 
volume. The results of the last paper may perhaps be quoted in 
full:— 

1. The major axes of the planetary orbits are subject to secular 
inequalities of the third order in the disturbing masses. 

2. The inequalities are periodic and of very long period, so that 
for several centuries they may be considered to vary directly as the 
time. 

3. The Earth and Saturn in particular are at present very slowly 
approaching the Sun. 

We notice at the same time the appearance of an extract from 
volume XX. of the ' Annales,' viz. M. Callandreau's memoir ' Sur la 
theorie des Cometes periodiques,' in which he continues M. Tisse- 
rand's researches on the capture of comets by the major planets 
of our system. 
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PUBLICATIONS. 

Astronomical Society of the Pacific. — ^Number 14 of the 
Publications contains much of interest. Prof. Holden gives an 
account of his observation? of Saturn 1879-89, with illustrations. 
The following sentences are important in connection with Prof. 
Asaph Hall's very similar conclusions noted recently : — "The ob- 
servations were all made with unusually powerful telescopes. A 
particular feature in regard to the series is that the sketches do 
not show certain peculiarities of Saturn, which have been reported 
by other observers with smaller telescopes." 

There is a useful index-map of the Moon contributed bv Prof. 
C. A. Young ; and an account of the Observatory of Swart hmore 
College, by the Director, Miss 8. J. Cunningham. After some 
other papers, follow the now well-established " Notices from the 
Lick Observatory, prepared by members of the Staff." In one of 
these, on the Satellites of Mars, we read : — " During April and 
May (1890) two observers made a conscientious search for new 
satellites. The weather conditions were rather unfavourable. 
The general conclusions reached were that no new satellite exists 
within the orbit of Deimos, which is anything like as bright as one 
fourth the brightness of that satellite. It is possible, though not 
very likely, that so faint a satellite as this may exist outside of 
Deimos' orbit or within that of FhobosJ' We are glad to learn 
also that Dr. Otto Dziobek's planetary theory is to be translated 
into English by Prof. Harrington, of the Michigan Observatory. 
The work is to be issued to subscribers at S3. 50 (orders can be 
sent direct to Prof. Harrington). Mr. Newall's visit to Mt. 
Hamilton is recorded, and it is announced that Lord Eosse and 
Dr. Auwers are expected there soon. 

Prof. Holden devotes a final note to the expression of a hope 
that the U.S. Naval Observatory may be furnished with a new 
Constitution when the establishment is transferred to the fine new 
buildings now nearly completed. We drew attention in our last 
number to the Eeport of the Superintendent on the inadequacv of 
the Staff. 



A Catalogite or Bikaey Staes. — This is a reprint of a paper 
read before the Eoyal Irish Academy in June 1890, and is of 
considerably more value than ito title indicates. Mr. Gore has 
catalogued 61 pairs for which orbits have been computed. They 
are arranged in order of E.A. (i 890*0). The E.A. dec, P., T., e, t, 
^, X, a, the computer and date of computation follow in columns. 
Then we have the magnitudes, colours, hypothetical parallax, 
observed parallax, values for A and B in Eambaut's formulae, 
relative brightness, and references to original work. All this in- 
formation can be seen at a glance by persons working on theories 
in connection with the construction of sidereal systems, and much 
time and labour saved thereby. To make the table still more 
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valuable, Mr. Gore has given copious notes to each pair, with 
recent measures. It seems ungracious to complain, but if Mr. Gore 
could have managed to insert an extra leaf in the reprint giving 
more recent notes, it would have added to its value. We have in 
mind Schorr's work on f Scorpii (S 1998), analogous to Seeliger's 
( Cancri. By the way, there is an unfortunate misprint in the 
note to this system, it should be ^ Cancri and not f. We do not 
know why Struve's magnitudes are preferred to some more recent 
authority. 

Cottam's Chabts of the Constellations *. — In no. 158, p. 57, 
we referred to the first edition of Mr. Cottara's charts. We have 
now received an edition reduced to 1 2 x 1 5 inches, and accompanied 
by descriptive letterpress, the whole bein^ serviceably bound. 
Our favourable comments on the first edition are applicable to 
this also, which is perhaps more convenient in size for practical 
work. We can heartily recommend those who desire a good 
atlas to obtain Mr. Cottam's work. 



NOTES. 

Meteoeologt in the ' Times.' — It would seem that the practice 
has hitherto been to give the barometric indication for the 24 hours 
ending 2^ a.m. of the day of publication, as well also as information 
on temperature, dew-point, &c., for noon, 9** p.m., and 2^ a.m. of the 
same 24 hours. In this way one day weekly (Saturday) becomes 
altogether omitted. 

Now the practice apparently is to give the barometric infor- 
mation on Monday for 48 hours, by which the record is made 
continuous, giving on other days the record for 24 hours as before. 
But the contracted time-scale on Monday is inconvenient, as 
causing the curve to the eye to have a greater steepness as com- 
pared with other days. It might be well to give the record on 
every day for the previous 48 hours ; the diagrams on different 
days would then be strictly comparative, besides which such 
information for 48 hours is not too much to include. 

What has been said regarding the barometer apphes also to the 
"Temperature and Hygrometric condition." One day weekl}'- is 
omitted. This information might also be given on Monday for 
48 hours to make it continuous, as for the barometer. And if the 
barometric information should in future be given on every day for 
48 hours, then the "Temperature and Hygrometric condition" 
might similarly be given always for 48 hours. 

The " Temperature &c." condition is said to be for " London." 
It does not seem clear whether this is the ' Times ' office or else- 
where. 

* E. Stanford, 26 & 27 Oockspur Street, S.W. 



166 Notes, [No. 174 

The Solab Spboteum at Medium and Low Altitttdes.— 
A very important study of the telluric spectrum on a large scale 
has recently been published by Dr. L. Becker, of the Eoyal Obser- 
vatory, Edinburgh. The instrument used was a grating spectro- 
scope fitted with an ingenious recording instrument devised b) 
Dr. Becker, by the aid of which he was enabled to record th( 
places and intensities of 3637 solar lines in the district X 6024 t( 
F. The object of the investigation being especially the study o: 
the telluric lines, the spectrum had to be very carefully observe( 
with the Sun at various altitudes, and 928 lines are recorded aj 
due to our own atmosphere. These are mostly arranged in three 
bands; the first running from X 6020 to X 5666, and containing 
678 lines. The other two correspond to bands f and i of the 
Brewster-Q-ladstone spectrum, and contain 106 and no linei 
respectively. 

The maps, which are very carefully drawn and have been wel 
reproduced by photolitht)grapby, are designed on a scale of oscilla- 
tion frequencies, a scale which the late Astronomer Royal foi 
Scotland strongly advocated, and which has some decided advan- 
tages. A scale of. wave-lengths is also supplied, and renders yei 
more complete a work of very high value and importance to al 
interested in the study of the spectrum. 



Emile Gautieb. — We regret to record the death of Colonel E 
Gautier, who succeeded Plantamour as Director of the Genevt 
Observatory in 1882, and held the office for seven years. Bon 
at Geneva on 1822, April 18, he studied under Le Verrier, assist 
iag in the calculations which led to the discovery of I^eptune. L 
1847 he pubHshed an *' Essai sur la Theorie des Perturbations de 
Com^tes." In i860 he observed the total solar eclipse in Spain 
Despite active military duties he from time to time contributed t 
astronomical publications. In later years he was assistant astro 
nomer at Geneva, and during the illness of Plantamour virtuall; 
filled the post of director. 



MiNOB Planets. — M. Charlois has named the following :- 
No. 296 Phaetusa, No. 297 Cecilia, No. 298 Baptistina, No. 301 
Geraldina, No. 302 Clarissa. M. Millosewich discovered No. 30 
on March i, and M. Charlois No. 308 on March 5. 



WHm Night Begins. — ^From time to time the question of whi 
constitutes night has arisen in courts of law in this country, an 
it appears from the following note by the Paris correspondent < 
the ' Daily Telegraph ' that the question has also arisen in France 
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He says : — " There has been considerable discussion lately in one 
of the provincial law-courts as to the precise definition of the word 
' night/ A prisoner was being tried on the charge . of having 
broken a law nearly half a century old, which sets forth that no 
sportsman shall be permitted to indulge in his favourite pastime 
during the nocturnal hours. The gendarmes who had discovered 
him blazing away in a wood had drawn up a proces-verbal in due 
form, and they were much disconcerted when it was contended on 
behalf of the defendant that they had been completely in error, 
and that the day was not yet over when they arrested him. This 
raised the question as to the precise moment at which night might 
be said to begin officially, and there was much reference to scien- 
tific works. Pinally it was decided that night might be regarded 
as having commenced with the close of the twilight — that is to 
say, when the Sun had descended more than 6° below the horizon. 
The ' Annuaire du Bureau des Longitudes ' was then consul ir-ed, 
and it was ascertained that twilight had ended on the day in 
question thirty-seven minutes after sunset in the wood in which 
the sportsman was apprehended, and as he had been detected in 
the act of firing a shot after that time he was found guilty and 
sentenced to the penalty prescribed by the law. So sportsmen are 
now warned that they must not prolong their amusement after 
the Sun has descended 6° below the horizon, and if they are in- 
clined to be very accurate they must provide themselves with 
proper instruments for the purpose of ascertaining the fact with 
the requisite precision." 



M. LoEwx's WoBK ON Abeebation. — We are glad to see in the 
' Gomptes Eendus' for March i6 a note by MM. Loewy and 
Puiseux on their determination of the Constant of Aberration. 
The main part of the note is an account of the circumstances 
which have during recent years caused some doubt to be thrown 
on the accuracy of Struve's constant 2o"*44, published in 1843 ; 
and the results of M. Loewy's work for 10 months are given in 
three important sentences at the end as follows : — 

** I. Struve's value 2o"'445 ^ ^^^7 ^^^ ^^® truth. It would, in 
our opinion, be premature to alter it. 

"2. M. Fizeau's result, that reflection does not affect the beha- 
viour of rays with regard to aberration, is confirmed. 

"3. The new method for determining aberration can be re- 
garded as satisfactory and definitive." 

The experiments are still in progress, and details of those 
already made and those to be made will be given in a future 
memoir ; but the importance of the work is well established by 
this preliminary note. 
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The Position op the Nebular Line. — Dr. Huggins commu- 
nicated to the Royal Society on March 13 an account of Mr. 
Keeler's work at the Lick Observatory, on the " Chief Line in the 
Speietriim of the Nebulae." One of the most interesting points 
brought out in the paper is the astonishing accuracy of the 
measures with the fine instrument of the Lick Observatory. A 
discordance of o'i5 tenth-metre on one day was immediately sus- 
pected as due to some systematic error ; and on examination the 
telescope of the spectroscope was found to be 5° wrong in position- 
angle, which adequately explained the discrepancy. Mr. Keeler 
says that he would ** with some confidence undertake to determine 
the month of the year, by measuring the distance of the principal 
liiie (in the spectrum of the nebula of Orion) from the lead-line 
used in the comparison spectrum.** 

Results based on measures so accurate as these must be received 
with great respect ; and we quote verbatim the conclusions at the 
end of the paper : — 

" (i) The nebular line is 0*43 • tenth-metre more refrangible 
than the lower edge of the magnesium fluting. 

" (2) The nebular Une has no resemblance to a fluting. 
. "(3) FJutings and lines of magnesium, which could not fail t>o 
appear at the same time with the fluting at X 5006-36, are entirely 
absent in nebular spectra." 

It appears to Mr. Keeler " that the non-coincidence of the chief 
nebular line and the magnesium fluting must be regarded as 
proved," and that thus Mr. Lockyer's deductions from the assumed 
coincidence do not hold good. 



. LoGABiTHM Tables. — A magnificent volume has just been issued 
by the Paris Government (iService Geographique de TArniee), 
entitled 'Tables des logarithmes k huit decimales des nombres 
entiers de i a 120,000 et des sinus et tangentes de dix secoudes en 
dix secondes d'arc dans le system e de la division Centesimale du 
quadrant, publiees par ordre du Ministre de la Guerre.' There are 
about 700 pages, each 14J in. by 11 in., the type being very clear. 
One cannot but regret that the latter part of the work is cast in 
the Centesimal system, in which it is useless to all but French 
geodesists. 



Pehhaps I may be allowed to dissociate myself from my col- 
league, Mr. Common, so far as to congratulate him on the honoui 
which is to be conferred on him on April 16, when the University 
of St. Andrews are to create him LL.D. Our readers will, nc 
doubt, be glad to hear of this graceful recognition of Astronomy^ 
in the person of one of its devotees. H. H. Tueneb. 
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The Minutes of the last Meeting were read and confirmed. 

Mr, Chambers, May I ask why the * Monthly Notices ' for 
March have not yet heen issued ? 

Mr, Knohel, There is no real necessity to issue the * Monthly 
Notices ' before the meetings of the Society, and in this case it 
could not have been done without sacrifice of accuracy. 

Mr. Downing, Sixty-five presents have been received since the 
last Meeting ; amongst those calling for special mention are : — 
' Annales de TObservatoire de Paris,' Memoires, tome xix., pre- 
sented by the Observatory, and * CEuvres Completes de Laplace,' 
tome viii., presented by the Academy of Sciences, Paris. 

The President, In expressing thanks for the presents there is one 
subject I should like to bring before the Society, and that is that 
the observations of Loewy and Puiseux have been provisionally re- 
duced, and we shall have the results shortly. You will be glad to 
hear that in the " Not« on Aberration," read before the French 
Academy, the values given entirely confirm those of Struve. 

Mr. Knohel read a paper by Mr, S, W, Bumharn on " Invisible 
Double Stars." Some of the invisible double stars are recognized 
from certain irregularities in the movements of known bright 
stars, others are recognized by the periodical doubling of the lines 
in their spectra, while a third kind is recognized from changes in 
magnitude of bright stars. The difficulties of eliminating errors 
of observation in the first class must cause the results for these 
stars to be received with caution, while for the spectroscopic 
doubles there has as yet been no confirmation of the results of the 

VOL. XIY. N 
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observations. In dealing with those stars tliat are supposed to 
be double, because of the apparent irregularities in their move- 
ments, we must not place too much reliance on the observations. 
Taking the case of ^ Cancri, the star of this class that has received 
most attention, I have endeavoured to lay down all the observa- 
tions accurately to scale, but without success. It has been as- 
sumed that Sirius has a dark attendant ; but here again the obser- 
tvations cannot be plotted with any accuracy, and the same applies 
to all the more remarkable stars of the same kind. All the stars 
I have examined in this way have such small irregularities in their 
motions that the probabilities of error are often greater than the 
irregularities, and this being so it is not at all extraordinary that 
the observations should show apparent agreements in position at 
irregular periods of time. 

Captain Nolle, Unless these invisible stars are absolutely devoid 
of light, photography might assist us here, for it is only a question 
of prolonged exposure to get the image of any star which emits 
light. 

Mr, Rai^yard, In the case of Sirius the light of the bright star 
would cover up the faint dark companion. It has always been 
difficult for me to believe that a star which emits only one forty- 
thousandth of the light of Sirius should have half the mass of the 
bright star. 

Mr. Downing, It seems to me the weakest point in Mr. 
Bumham's paper is the regularity of the intervals of time at which 
the discordances of position occur. "When we have these dis- 
cordances occurring over and over again at regular intervals there 
is really something like a primd-facie case made out for the un- 
seen companion. Mr. Lewis has given considerable attention to 
this point, and I am sorry he is not here to speak, but to-day he 
mentioned one star of this class in which there were eleven such 
discordances at regular intervals. 

A vote of thanks \^'as accorded to Mr. Burnham for his paper. 

Mr, Turner read a paper by Colonel Bassot and Commandant 
Defforges " On the recent determination of the Longitude of Paris— 
Greenwich,'' and a reply by himself. 

Mr. Turner said that in a paper read in January he had 
mentioned a discordance between the results obtained by the 
English and the French observers. Four observers took part in 
the work, two English and two French, and the signals were 
satisfactory all through ; but it was found that the time de- 
terminations at the two ends did not agree, in fact the observers 
at Paris had apparently a different personal equation when they 
came to Greenwich, and on their return to Paris their original 
personal equation was restored. In connection with this he had, 
in a former paper, recorded a fact and an opinion. The fact was 
that after a very careful search through the reductions nothing 
was found to throw light upon the subject except one matter, viz. 
that there was a curious difference betv^ een the nadir and the 
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st riding-level determinations of level error in the case of the 
French instrument used at Greenwich. Having noticed that one 
of these (the nadir.observations) would give accordant results, he 
appeared to have stated too strongly his opinion that the other 
determinations were wrong. The French observers in their pre- 
sent paper called attention to this as only an opinion, and they 
maintained that the proper course was to take the mean of 
the two methods of determination as they had done. They 
also point out that the personal equation of the English ob- 
servers varied during the operations, as was natural, seeing that 
they were new to the small instruments used, although familiar 
with the transit-circle ; and it was true enough that any change 
of personal equation naturally leads to suspicion with regard to 
results. Those were the main points of the paper which the 
French observers had communicated to the Society. They cer- 
tainly strengthened their position when they called attention to 
the very large accidental error that appeared in the comparisons of 
the results with the transit-circle observations at G-reenwich, and 
there could be no doubt that the probable error of such a com- 
parison was large, larger perhaps than had been supposed. The 
determination of time was not such a simple matter as it would 
appear at first sight, for determinations with two or three instru- 
ments side by side did not give such accordant results as we should 
have expected. The French observers considered that these dif- 
ferences were so very large that the comparison could not be used 
to justify one set of results and to condemn another. They also 
objected to the comparison with the transit-circle on the ground that 
there was interposed between the transit-circle observations and 
the longitude ones an additional relay, and they suspect that this 
was not quite constant in its action. The relay was tested on 
various occasions, and never found wanting, so that he (Mr. 
Turner) did not think there were any grounds for looking on it 
with suspicion. And, again, the relay had nothing to do with this 
particular point, since it was common to both instruments at Green- 
wich, and could not, therefore, have produced any differential 
effect. The main point of his reply was to call attention again to 
the fact that the series of longitudes could be brought into agree- 
ment by the simple supposition that the nadir determinations of 
level error were correct. 

The Astronomer Royal. The Fellows present may perhaps think 
these matters are rather technical, but they are very important, 
and these discussions will assist us very much in longitude deter- 
minations in the future. It is on this account that I welcome the 
opinions of the French observers. I hope that next year, in con- 
cert with them, we shall be able to have a new determination 
which I trust will give more accordant and trustworthy results. 
Various sources of error have been brought to light in these dis- 
cussions, and will be guarded against in the future. One point is 
with regard to the relay. "We carefully discussed our programme 

n2 
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with the French observers before commencing work, but we ov€ 
looked the point that while we work with make contacts to o 
chronographs the French use break contacts.. As soon as t 
French observers came over we found that in order to work the 
chronographs it was necessary to interpose a relay. I have be< 
discussing the time question with Commandant Defforges and ^ 
have come to the conclusion that it would be better for each s 
of observers to have their own clocks. Our difficulties will, it 
hoped, be overcome in this way. I agree with Mr> Turner th 
the discordance between the transit-circle and the longitude o 
servations can hardly be explained by the variations in the acti« 
of the relay, but still there is a possibility of error from' th 
cause. 

The President, I would like to know whether next year the 
is any hope that you will be able to determine the longitii 
directly between the observatories of Paris and Greenwich. 

The Astronomer Royal, In my opinion, and I think in 11 
opinion of the French authorities, the Observatory of Montsota 
is practically the zero with \^'hich we ought to compare. 1 
French Geodetic Survey uses this as a starting point for th 
determinations of longitude, and it is of more interest to join 
with this Survey than to determine the exact longitude of 
Paris Observatory. In England the Geodetic part of the Trigc* 
metrical Survey was practically finished some years ago, whe:K 
in France it is still in hand, so that the circumstances in the I 
countries are somewhat different. 

The President, I think we may give a very cordial vote 
thanks to Colonel Bassot and Commandant Defforges for the 
paper, and to Mr. Turner for his kindness in trying to elucida 
this matter. I am sure we all hope that next year there will nc 
be the differences between the results that were found at the las 
determination of this longitude. 

The Astronomer Royal has just returned from Paris, and I wi 
now ask him to give us some account of what passed at tV 
Congress there. 

The Astronomer Royal, I have not prepared any report on tl 
proceedings, bub a general statement of what went on may be ( 
interest. In the first place, I may mention that a Sub-Committ( 
prepared a programme of the questions to be discussed at tl 
Conference. I will not detain the Fellows by reading the actu; 
questions proposed, because some of them were passed over ai 
others amplified considerably. In the first place, the Committi 
received reports from the various Observatories on the installatioi 
of their photographic telescopes, and I think, with one or t\^ 
exceptions, the installations were reported to be complete. Ui 
fortunately the war now going on in Chili will for some tin 
prevent the observatory at Santiago from taking part in the worl 
Specimens of photographs were submitted by a number of obsei 
vatories, and a Sub-Committee, of which Mr. Plummer was 
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"naember, was appointed to examine them. I believe the Committee 

Oi^rriTed at the conclusion that the photographs were remarkably 

y>-Ti.if onn in their character, considering that different makers of 

^x^straments and different photographic plates were used in different 

ooiantries. On the whole, very good results were exhibited. 

^K^porfcs were also received on the preparations made for the 

oat^alogues of guiding stars. These are in an advanced state in 

^*^ost cases. After that came discussions on various questions 

"^^b-ich were submitted to the Committee. The first resolution 

'^ivas that the guiding stars might be chosen at a distance up to 

-4-0' from the centre of the field. The next point, I believe, was 

as to how the reseaux were to be imprinted, the Committee having 

<iecided at a previous meeting that they should be imprinted by 

parallel rays formed by the photographic objectives. As a result 

ot* the representations made by one or two members, it was decided 

"^ allow the impressioii of these reseaux to be made by means of 

paj-allel rays either from refractors or reflectors. Another point 

^i^as that the plates were to be oriented for the epoch 1900 in 

the zones from 65° of the pole. The next question gave rise 

^ considerable discussion, and that was whether the execution of 

*ne chart of the heavens should be postponed indefinitely till the 

plates which were to be taken for the Catalogue were completed. 

^^ w^as urged by many of the members that whilst we had all come 

1^0 definite conclusions as to the conditions under which the Cata- 

^^S'Ue plates were to be taken, there was considerable diversity of 

^piiiion as to the length of exposure for the Chart plates. In the 

^'^^i it was agreed that the Committee, whilst recommending that 

trio execution of the plates for the Catalogue should be pushed on 

*s a-etively as possible, were of opinion that advantage should be 

taken of the greatest number of fine nights for the long-exposure 

plo.t:es of the Chart, so that the two classes of work will go on 

J^on Currently . Another question brought forward was as to the 

length of exposure for the Catalogue plates. At the last meeting 

^y "the Committee it was decided that two exposures should be 

S^-V^n to the plates for the Catalogue stars. One was defined to 

^*^^ stars of magnitude 11, and another exposure of one fourth the 

^U-XT^tion was to be given with a small displacement of about 15" or 

^^ '» the object being to be able to identify readily stars given by 

^^ Jong exposure. It was decided to lengthen the short exposure 

5^^ to make it one half of the longer, so that it would show/atn<Zy 

^x*s of magnitude 11. A further question arose as to how the 

■*■ ^t magnitude was to be defined, and some criticism was offered 

^/^ "^lie two alternative definitions which had been laid down by 

g^ Oommittee two years ago. One of those was that the expo- 

g. "*^^ M-as to be for the Catalogue plates 6^ times that required to 

^ ^ "the 9th magnitude of Argelander ; but the following resolu- 

^-1^ ^aid that each Director was to assure himself that the plates 

1^^ ^^Vi he took for the Catalogue contained the nth magnitude 

^^ as found by calculation from the 9th magnitude with the 
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coefficient 2*512, which is the usual coefficient for passing from one 
magnitude to another. The two definitions would correspond on 
the assumption that the time of exposure varies inversely as the 
brightness of the stars to be photographed ; but it was felt, in 
view of some remarkable results brought forward by Dr. Scheiner, 
that these two definitions were not necessarily identical, and in 
order to avoid that difficulty, a resolution was passed that the nth 
magnitude was to be determined from the 9th magnitude by means 
of a wire-gauze screen placed before the object-glass. 

Another question which gave rise to a very animated discussion 
was whether it would nob be better to give a triple exposure in the 
form of a close triangle, so that the images would blend together, 
and when the plates were reproduced, whether by photography or 
by any other method, the images would form a distinctly visible 
spot of light w^hich could be distinguished from specks of dust or 
any accidental defects, finally it was arranged that the first 
series of plates for the Chart (centres at even degrees of declina- 
tion) were to be taken with a single exposure. Eurther researches 
were to decide whether the Committee would recommend two or 
three exposures iusbead of one for the duplicate series. 

Then came the question of exposure for the Chart plates to give 
magnitude 14, \^'hich practically involved the definition of magni- 
tude 14 photographically. Some members naturally wanted to 
have the exposure as long as possible, and others not too long, and 
nobody could really say what exposure was required for the i ith 
magnitude, to serve as a basis for defining the length of exposure 
for the 14th on the chart plates. Finally, we determined to adopt 
a resolution to the effect that the exposure for the first series of 
chart plates was to be 40 minutes under mean atmospheric con- 
ditions at Paris and with the Lumiere plates now in use there, and 
that the exposure (in minutes) at any other observatory should be 
40*" X t' jtj where t and t' are the times (in minutes) required to 
give nth magnitude at Paris and the other observatory respectively. 

Another point of importance was the selection of the reference 
stars in each plate and arrangements for determining their posi- 
tions. Of course when the plate is taken it is important that we 
should have all the elements for determining the positions of the 
stars on it. Yov that purpose a Sub-Committee was appointed 
to hold a meeting on April 4, and it was agreed as a general 
proposition that on each plate there should be about 6 stars, the 
positions of which were to be well determined by meridian obser- 
vations. Thus it would be necessary to form a catalogue of 
60,000 to 70,000 stars from meridian observations to be made 
within the next few years. It seems very desirable that that 
should be carried out, and the Committee agreed on the basis, and 
the details will be settled by further correspondence. 

No resolution had been come to as to the time when the work 
of the photographic map should be really begun, but it was decided 
unanimously that the work should^ be begun as soon as the wire- 
gauze screens have been supplied to the various observatories for 
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determining the nth magnitude. That, perhaps, will take about 
two or three months. There was a strong feeling among Prench 
astronomers that in the region of the heavens in which the 
asteroids are found, the charts should go beyond the 14th magni- 
tude. The Committee decided that that was rather be^'ond their 
functions. The final resolution was on the proposal for the re- 
distribution of the zones assigned to the observatories. A new 
plan had been proposed as a modification of that adopted at the 
last meeting of the Committee. There were naturally some objec- 
tions raised to that. Observers who found they were working 
either too near or too far from the zenith did not like the arrange- 
ment exactly ; but as no one suggested any alternative, the arrange- 
ment proposed was adopted. I feel sure all presejit will agree 
with me that the meeting this year has put ou a practical basis 
this great work of a photographic survey of the heavens. It has 
now been started under practical conditions, and I trust it will go 
on without further hitch. Any future developments may easily be 
discussed without interfering with the general scope of the work. 

Captain Ahney. The Astronomer lioyal has covered nearly all 
the ground, and has left me very little to say. One point to which 
he alluded to I should like to refer to, and that is, how the map 
is to be reproduced. I think there was a general feeling at the 
Congress that it would be unworthy of the map if it were pro- 
duced by anything except photography, and that the most delicate 
tool — light — should replace the pantograph. Eegarding the pro- 
posal to make three exposures, I think the principal argument in its 
support depended upon the idea that the maps were to be on albu- 
minized paper, and were to be white spots on a black surface. 
There is a great difference in recognizing stars shown as white 
spots on a black surface compared with black spots on a white 
surface. Anyone who examines a star photograph under a micro- 
scope can easily tell a star from a speck of dust, and for this 
reason I think three exposures are not necessary. Einally it was 
settled that the map is to be reproduced by photography, but not 
by any process which would be liable to deterioration by shrinkage 
in the medium on which the stars are shown. It would be prema- 
ture for me to say how this is to be done, because I am on the 
Committee appointed to decide this, though I have a definite 
opinion on the matter. The great variety of plates used for the 
map was very striking. They were of all kinds — good and in- 
different. Some showed the parsimony of the plate makers, for 
the films were too thin, and a great deal of the light passed 
through and was reflected back, forming a ring round the star. 
Other plates did not show this, but were sharp and perfectly satis- 
factory in this respect. 1 think the great question for the observers 
to settle before they set to work is to find the most sensitive and 
suitable kind of plate. I think 1 can indicate a formula for the pre- 
paration of the plates that will give far better results than will be 
obtained by going to ordinary plate manufacturers, who study their 
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pockets more than science. The Astronomer Soyal has, I think, 
given a very graphic account of the proceedings of the Congress, 
except perhaps that he omitted recounting certain very earneert 
debates that rendered the proceedings anything but monotonous. 

Mr, Plummer, I have the disadvantage of speaking after tvio 
great authorities, and possibly therefore the only point to which 
I can refer with advantage is the examination of the plates, of 
which Committee I was a member. That Committee consisted of 
the Brothers Henry, Dr. Scheiner, and myself. We went tiirough 
the plates from the various observatories with a great deal of care. 
The points to which we paid attention were the character of the 
field, the quality of the image, and the distance from the centre of 
the plate at which those images \iere measurable and the position 
of the plate with regard to the focal plane. The result at which 
we arrived was the general similarity of the whole character of 
the plates, whether they had been made by one firm or another. 
It had been urged in the early days of the photographic chart that 
it was necessary, or at least desirable, that one firm of artists 
should be entrusted with the construction of the object-glasses. 
But just as with the visual object-glass there is no great supe- 
riority if you go to an efficient artist, so in the case of photo- 
graphic object-glasses the result was equally satisfactory. Of 
course there were some rather bizarre negatiyes shown. One 
gave an image of e Orionis Avhich had been exposed eight hours. 
I think I am not exaggerating when I say it was half an inch in' 
diameter. A matter of regret, to my mind, was the fact that no 
negatives from the Paris Observatory were exhibited ; but I have 
no doubt from what I have seen elsewhere that their object-glass 
is quite comparable with those we had the opportunity of examining. 

Ca^t, Noble. Can you induce Mr. Roberts to say a few words 
on the subject? I had a most interesting discussion with him in 
the Council-room, in which he gave some remarkable results of his 
on the effect of exposure — how one night he got only 40 stars 
when on another night he got hundreds. 

Mr. Poberts* I do not think any remarks 1 may make will have 
great weight, for this reason. The chart is to be prepared with 
instruments differently constructed from mine, with a smaller 
aperture and of relatively longer focal length, and the differences 
to which Captain Noble has referred may not be so pronounced 
with that sort of instrument as they are with mine. It is quite 
true that I have taken several photographs of the same stellar 
area on nights of different quality, and that I have obtained on 
what appeared to be a bad night with a hazy sky and a good deal 
of moonlight, with 1 5™ exposure, 400 stars, and that either on the 
same night or one following, with an exposure for the same length 
of time, I could not get a fifth of the number of stars. On a 
night when the sky was fairly clear and the exposure 60™, the 
number of stars was under 200, whereas on another apparently 
bad night, with an exposure of 15"*, I got a much greater number. 
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These are only indicatioDs that great uncertainties have to be dealt 
with in determining the required exposure in charting the stars, 
but they will be met as they arise by those who will be engaged 
in the photographic work; by degrees we shall find out the 
cause of these extraordinary differences, and then they can be 
dealt with and some intelligible system of exposure adopted. 

GapU Ahney. It is perfectly possible that on luminous nights 
an action has taken place on the plate at the same time that the 
stars are being impressed. In Switzerland I have taken some 
photographs of stars, and certainly when we had no Moon and a 
very black sky we always got fewer stars on the plate. The light 
from the sky was doing its work when the stars were impressed 
on the plate. 

Mr, Roberts » I thought the moonlight had something to do 
with it, but I expected the result to be uniform when the moon- 
light was on ; but I did not find that to be so. 

Mr, Turner. From what the Astronomer Royal has said it 
seems to me the Committee have been somewhat in the position of 
those gentlemen in the Play who, after having been detected in 
various falsehoods, determined on one occasion to teU the truth ; 
but after a moment's consideration, they asked — " What is the 
truth to be ? " The Committee seem to have been, in the case of 
one of the resolutions, rather frightened at their own decision 
and to have reopened a question I thought settled, viz. whether 
length of exposure is to be considered equivfdent to brightness. 
I should like to hear Capt. Abney repeat the statement I have 
heard him make, which it seems to me the world in general has 
not quite sufficiently accepted, and that is, that to increase the 
intensity is exactly equivalent to increasing the time for photo- 
graphic exposure. Capt. Abney has raised another quostion, on 
which t shall be glad if he will say a word or two more, and that 
is as regards the initial action of faint light. Would he reeom- 
metid that the plates should be exposed to a faint light first to 
start the action ? 

The Astronomer Royal, I might ask Captain Abney whether 
he would suggest that wliile the plate is being exposed there 
should be some scattered light which might come through the 
object-glass. 

Capt, Ahney, I have said before in this room that exposure 
and intensity are equivalent to one another — that is to say, that 
doubling the exposure is equal to doubling the intensity of the 
light, but I always put in a saving clause, "within limits." The 
limit is one which may have been arrived at. I have made care- 
ful experiments in regard to it. Where you use an aperture of lens, 
say, the 300th of an inch, and in another case an aperture of a 
quarter of an inch, they have a definite ratio to one another ; but if 
you expose plates for times equivalent to those apertures, you find 
there is a very slight variation between the two. But that is only 
when you come to v«ry minute intensities of light. You quite 
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see how that can be. I do not think in the exposure to which 
these plates will have to be put that this limitation ought to come 
in. I believe that practically 2*5 times the exposures ought to 
give you what you require ; that is to say, another magnitude. 
As regards the preliminary exposure, I think it would be very 
much better to get a more sensitive plate which does not require a 
preliminary exposure. As a rule, I believe that nearly every quick 
plate that is sold has had a preliminary exposure or, what is 
equivalent, a preliminary decomposition of silver salts, that is to 
say, that the manufacturer has fogged it unwittingly. A plate 
15 on the sensitometer may be made to show 23 by a preliminary 
exposure. When you come to estimate star magnitudes you must 
recollect you are altering entirely the ratio of your densities and 
disks when you give this preliminary exposure. At the Congress 
M. Trepied had collected the various formulae found to give an in- 
crease of one in the star magnitudes, and my own belief is that the 
differences in these formulae were due to the fact that the plates from 
which they were obtained had had preliminary exposure or prelimi- 
nary decomposition. A great many of the plates that were there 
were not bright plates ; it might have been due to the bright sky to 
which they were exposed, but I could not detect that it was so, as 
the margins of the plates had tbe same veil, and they ought not to 
have had this if it were due to the bright sky. If you want to get 
out a great many stars, and do not care about their magnitudes par- 
ticularly, it would be very advisable to give a preliminary exposure, 
but if you wish to measure the magnitudes do not do it. It is 
better to have a standard, and the only standard is a plate that is 
perfectly bright. 

Mr, Flummer, It was distinctly stated by one of the experts 
present that the ratio of 2-5 did not correspond to successive 
increments of magnitude, and I have no doubt that that opinion 
exercised considerable weight with the Committee. I understood 
the Potsdam representative to say that up to a certain point it 
represented very fairly bright stars ; but that for faint stars the 
time of exposure required to be continually increased, and that 2| 
times exposure sometimes gave -^^ magnitude, and sometimes only 
half a magnitude. 

Capt, Ahney. That seemed to be only experienced at the 
Potsdam observatory; but it seemed to me an extraordinary 
occurrence. 

Mr. Banyard, Here is a very curious point with regard to the 
printing of small stars. I find in producing star-maps with a very 
slight print you get very many more stars than when you print 
deep. Therefore in reproducing maps there ought to be some 
constant of the exposure of photographs even after they are 
made. 

The Astronomer Royal. With regard to the reopening of the 
question of estimated magnitude, I did not see that it did any harm, 
and I thought the adoption of the screen gave a very valuable means 



]SCay 1891.} the Royal Astronomical Society. 179 

of Verifying the truth of that law. I thought the screen should be 
applied to test the law that the brightness of stars photographed 
Varied inversely as to the length of the exposure. There was a 
feeling in the minds of some members that the photographic and 
photometric definitions were not necessarily identical ; therefore I 
tb ought there would be no harm in adopting the photometric 
fliothod. 

tyc^t, Ahney, Anybody who has attempted to measure the disk 

of a, star will know that it is rather a shaky thing to do. It is 

"^^x^jr difficult so say where the disk extends to and where it does 

^o^fc* and I quite understand that if Mr. Christie and myself were 

^^ *xieasure a star-disk we should differ. The same man should 

^^^ it throughout. There is a method, however, I think by which 

* ^"fc^ir-disk can be measured with the greatest accuracy. (The 

^f^^^lier then illustrated his method on the blackboard. See note at 

^^»_«nd of this No.) 

le FreHdent I will ask you to return your thanks to those 
have taken part in the discussion. We have not only had 
"fc passed at the Paris Conference, but we have had a good many 
lents on it which are very instructive, and I trust they will 
•ell reported so that we can see them at our leisure. 
^5^r. Thackeray read a short note from his paper on " A Com- 
mon of the North Polar Distances of the * Nautical Almanac ' for 
CD with the Cape Catalogue, the Greenwich Ten-year Catalogue, 
Boss' Standard Star-places for 1880. 
vote of thanks was accorded to Mr. Thackeray for his paper. 

"he following papers were announced : — 

W, Burriham. " Sirius." 
"ohn TehbuU, " Observations of Phenomena of Jupiter's Satel- 
at Windsor, New South Wales, in the year 1890." 
L. Stanley Williams. " Reduction of Measures of the Photo- 
•3)hs of Jupiter taken at the Lick Observatory in 1890." 
^^ ^^iJol. Bassot and Commandant Defforges, " Sur la determination 

^a longitude Paris— Greenwich." 

LH. Turner. " On the recent Determination of the Longitude 
*ari8— Greenwich. Keply to Col. Bassot and Commandant 
Gorges." 
W, Q. Thackeray. " A Comparison of the North Polar Distance 
the ' Nautical Almanac ' for 1880 with the Cape Catalogue, the 
'eenwich Ten-year Catalogue, and Boss' Standard Star-places 
1880.'' 

TT. 6?. Thackeray. " Approximate Proper Motions of some 
'oombridge Stars," 

L. Becker. " On the Orbit of the Periodic Comet 1867 I.*' 
<Si. W. Burnham. ** Invisible Double Stars." 
R. Bryant. " The Perturbations of Sappho 80." 
A. Martha " Ephemeris for Physical Observations of the Moon, 

91." 
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John Billington Booths J.P.y Preston, Lancashire, and Hannibal 
Mirahita, 134 Strada Britannica, Alexandria, were duly elected 
Fellows of the Society, 

The following Candidates were proposed for election as Fellows 
of the Society :— 

Richard Edward Synge Cooper, Gentleman, Hillniorton Paddox, 
Eugby (proposed by J. C. Adams) ; H. F. Newall, Trinity College, ^ ^::^-. 
Cambridge (proposed by H. H. Turner); and Samuel H. Ridge, B.A., ^J"^^ 
275 Victoria Parade East, Melbourne, Australia (proposed by P^ ^ 
Edward Dove). 



MEETING OF THE EOTAL METEOEOLOGICAL 

SOCIETY. 

"Wednesday, April 15. 

Mb. a. Bbewin, Vice-President, in the Chair. 

Me. J. Baxendell, Mr. H. Champ, and Mr. S. H. Bidge, B. 
F.R.G.S., were elected Fellows. 
The following papers were read : — 

1. " Some Remarkable Features in the "Winter of 1890-91,*' 
Mr. F. J. Brodie. The author points out the peculiarities 
special features of interest in the weather which prevailed o 
the British Isles during the past winter. In addition to the p 
longed frost, which lasted from the close of November to 
January 22, he finds that the barometric pressure for the wb 
winter was about a quarter of an inch above the average ; 
that when the wind was not absolutely calm there was an und 
prevalence of breezes from some cold quarter. The percentage 
winds from the southward did not amount to one half of 1" 
average. The number of foggy days in London was no less tl 
twice the average. The rainfall over the greater part of 
British Isles was less than half the average. The author says t 
almost every element in the weather has been influenced to 
abnormal degree by the remarkable prevalence of high baro 
trical pressure, and if we were called upon to define the sea 
1890-91, we should have little hesitation in -giving it the name 
the '* anticy clonic " winter. 

2. "The Rainfall of February 18 91," by Mr. H. S. Wi 
This was one of the driest months upon record ; the mean r 
fall over England, excluding the Lake District, being only o^ 
inch, or about one fortieth of the average. 

3. " On the Variations of the Rainfall at Gherra Poonjee in_ 
Khasi Hills, Assam," by Mr.H. F. Blanford, F.R.S. Cherra ^ 
has long been notorious as having a heavier rainfall than any 
known place on the globe, the mean annual fall being frequ 
given as about 600 inches. Mr. Blanford has made a critical e 
nation of the various records of rainfall kept at this place, an< 
come to the conclusion that the above amount is too high, and 
the average annual rainfall is probably only a little over 500 in^ 







May 1891.] Astronamical Society of the Pacific. 181 

MEETING OF THE ASTEONOMICAL SOCIETY 

OF THE PACIFIC. 

1 89 1, March 28. 

The Directors met prior to the regular meeting and elected 2 
life-members and 2 1 ordin^y members. 

The Annual Meeting was held by invitation in the Lecture-hall 
of the California Academy of Sciences immediately after the 
Directors' Meeting. 

Mr. Holden in the chair. 

The minutes of the last meeting were approved. 

The Secretary read a list of seventeen presents received, and 
the thanks of the Society were voted to the givers. 

The list of new members elected was read to the meeting. 

The Committee on Nominations reported a list of names proposed 
for election, as follows : — 

For Directors : Messrs. Alvord, Burckhalter, Hill, Hilborn, 
Holden, Keeler, Molera, Pierson, Schaeberle, Soule, Ziel. 

For Committee on Publication : Messrs. Holden, Keeler, Yale. 

The cordial thanks of the Society were returned to the Cali- 
fornia Academy of Science for their invitation to hold its meetings 
of March and November 1891 and January 1892 in the Lecture- 
hall of the Academy building, and the invitation was accepted. 

Messrs. McConnell and Veeder were appointed as tellers. The 
polls were open from 8.15 to 9 p.m., and the persons above named 
were duly elected. 

The Treasurer then read his annual report, as follows : — 

Eeceipts : 

Cash balance, March 29, 1890 Si, 121 75 

Eeceived from dues Si,957 13 

Eeceived from Publications 23 50 1,980 63 

$3,10238 
Expenditures : 

For Publications and general expenses »S2,347 89 
On account of Montgomery Library 

Fund 9 84 $2,357 73 

Cash balance in Bank, March 28, 189 1 ... 744 65 

$3,102 38 
Funds : 

Alexander Montgomery Library Fund, cash 

balance $19590 1 1 

Donohoe Comet Medal Fund, cash balance .... 527 35 
Cash in bank (General Fund) 744 65 

Total Cash on hand $2,862 1 1 

The Committee appointed to audit the Treasurer's accoiints 
reported the Treasurer's accounts as correct, and the report was 
accepted and adopted and the Committee discharged. 
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The Committee on the Library reported that the library consists, 
at present, of 491 volumes, 431 of which belong to the Alexander 
Montgomery Library, and were purchased with the Alexander 
Mongomery Eund, and 60 volumes have been derived from other 
sources, by contribution and purchase. 

The cost of the Alexander Montgomery Library to date has 

been $1,017.24. 

• 

The Eeport of the Committee on the Comet Medal was as 
follows : — 

The Comets of 1890 have been : 

Comet a, discovered by W. E. Brooks, Geneva, New York, 
March 19. 

Comet 6, discovered by J. Coggia, at Marseilles, July 18. 

Comet c, discovered by W. P. Denning, at Bristol, July 23. 

Comet d (D'Arrest's periodic comet), re-discovered by E. E. 
Barnard, at Mt. Hamilton, October 6. 

Comet e, discovered by T. Zona, at Palermo, November 15. 

Comet /, discovered by R. Spitaler, at Vienna, November 1 6. 

Medals have already been delivered to Messrs. Brooks, Coggia, 
Denning, Spitaler, and Zona. 

In November last, Mr. Barnard addressed a letter to the Com- 
mittee giving reasons why the medal should not be awarded for 
the discovery of periodic comets, especially as recent observations 
have made it at least possible that the brighter periodic comets 
may be followed throughout their whole orbits, and he signified 
his desire that the medal should not be awarded to him for the 
rediscovery of D'Arrest's comet, although the Committee was 
prepared to make the award. In some other respects also the 
rules were found to be cumbrous. They have accordingly been 
thoroughly revised and Bubmitted to the founder, who has signified 
his acceptance of the changes, and in their revised form they were 
adopted by the Board of Directors on February 26, 1 891, and take 
effect from that date. Copies of the new rules have already been 
sent to the principal astronomical journals and to all our corre- 
sponding observatories and institutions. 

A Committee of seven members was appointed to make arrange- 
ments for an astronomical exhibit at the Columbian Exposition in 
Chicago. 

The following papers were announced : — 

a, " The Pireball in Eaphael's Madonna di Poligno," by Prof. H. 
A. Newton. 

b. . " On the Similarity of Certain Orbits in the Zone of Asteroids 
(2nd paper)," by Prof. Kirk wood. 

c, '* Astronomical Observatious in 1890," by Torvald Kohl, 
Denmark. 

cl, "Address of Eetiring President of the Society," by Prof. 
Holden. 

e. " A Few Hints to Beginners in Solar Observations," by Miss 
E. Brown. 
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/. *' Lunar work for Amateurs," by Thomas Gwyn Elger, 
F.E.A.S. 

g. " The Total Solar Eclipse of January, 1889/' by Prof. H. S. 
Pritiihett. 

The President stated that the Society would have the pleasure 
of listening to some remarks from the Earl of Eosse, who is now 
visiting this city, and who occupied a seat on the platfrrm with 
him. 

Lord Eosse selected for the subject of his brief talk to the 
members the " Eeflecting Telescope," of which class of instruments 
the mammoth speculum at Birr Castle is at once the largest and the 
most famous. He expressed the hope that a good-sized reflector 
may at some time be added to the Lick Observatory equipment, 
in order that the merits of the two classes might be favourably 
compared. He gave an interesting account of the manufacture of 
the " great reflector" which his father constructed through the aid 
of country mechanicians, entirely unskilled indelicate workmanship. 
The mirror was six feet in diameter, and the supporting tube so 
large that the tallest man could walk its entire length. This 
instrument revealed new features in all the nebulae, which were 
selected for its special field of work, since all the 2000 objects in 
Herschel's catalogue were again examined. The views afforded of 
the nebular construction have been unexcelled to this day, but 
entire refitting of the mechanical parts would be necessary to meet 
the requirements of modern research, in order to relieve strain and 
keep unchanged the symmetrical figure of the speculum. 

Lord Eosse gave some account of his researches in determining 
the amount of heat radiated by the Moon, a quantity which the 
observers had failed to detect by means of refractors, for the rea- 
son, as he explained, that the lenses absorbed over four-fifths of the 
heat-rays. In the line of astronomical photography, also, the 
reflecting t/clescope, as is well known, possesses the great advantage 
of bringing all the spectroscopic colours to the same focus. 

The renowned Parsonstown astronomer was warmly received 
and his modest story listened to with interest. 

The President read his annual address, showing that the Society 
starling with 40 members 2 years ago, now had a membership 
of 381 life and active members. Nearly half the members were non- 
resident, the Society being represented in 26 States of the Union 
and 19 foreign countries. 

After the regular meeting, the new Board of Directors met and 
elected the following officers for the ensuing year : — 

President : W. M. Pierson. 

Vice-Presidents : Frank Soule, J. M. Schaeberle, E. J. Molera. 

Secretaries', Chas. Burckhalter, James E. Keeler. 

Treasurer : F. E. Ziel. 

Committee on Publication ; Messrs. Holden, Keeler, Tale. 

Chas. Bueckhalteb, Secretary, 
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The Astrophotographic Chart. 

Those who were present at the recent meeting of the Permanent 
Committee for the execution of the Astrophotographic Chart, or 
who have had an opportunity of reading the ' Proces-verbaux ' *, 
could not but be struck with the great earnestness of all concerned. 
The members assembled in Paris last Easter were of manj different 
nationalities ; of different astronomical departments and reputa- 
tions ; and, as the discussions plainly showed, held very different 
views on several points of detail, and even on the general scope 
of the work. But one feature was common to all — a deep-felt 
anxiety that the best course should be chosen, and a determination 
that no effort should be spared to secure this selection. 

"Whatever may be the result of the united endeavour to chart 
the Heavens as they are at the end of the nineteenth century, the 
scheme cannot be called ill-considered ; for men in the front rank 
of almost every department of Astronomy have contributed to the 
discussions, and occasionally pledged their professional reput-ations 
in favour of some amendment where their experience was at 
variance with the course proposed. So enthusiastic were the dis- 
sentients, and so unscientifically heated did they become, that they 
were on two occasions fain to adjourn the discussion in order to 
arrive at some compromise in a calmer atmosphere ; and while one 
cannot but wonder that there should have been such differences of 
opinion on questions so nearly allied to matters of fact, one must 
at the same time recognize the keen interest taken in the project ; 
and those of hopeful temperament will probably feel that so much 
energy must be richly productive. 

Over the actual decisions of the Committee, where they touched 
matters of principle, we cannot profess to rejoice. On two broad 
questions we should have taken the side, or rather we have already 
taken the side, which was only able to secure a compromise after 
a rather sharp conflict. We consider that the scope of the work 
has been illegally magnified, and a catalogue illegally substituted 
for a chart ; and the meaning of the word illegal is that the deci- 
sions of the Committee on these two points are, in our opinion, 
contrary to those of the real legislative body — the Congress of 
1887. The question of a Catalogue is one on which we have 
already spoken with some warmth and at some length ; and we 
cannot accept the decisions of the Committee as evidence that we 
misinterpreted the views of the Congress — simply because we 
still believe the Congress would condemn those decisions. The 
Committee is largely composed of those who have hitherto been 
professionally engaged in making Catalogues, and who may thus 
naturally have a prejudiced view of their importance, while the 
Congress gained in bread' h of view by the association of men 

* For a general account of thei Meeting see the remarks of the Astronomer 
Boyal on p. 172. 
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from other departments of Astronomy, and even other branches 
of science. On the other hand, it is curious that the Committee of 
experts should be the body to enlarge the scope of the woii ; and 
that practical astronomers should draw from a physicist (for we 
may so style M. Cornu without in any way disparaging^ his great 
services to Astronomy) the remark — " Ce qui me preoccupe surtout 
e'est de voir la tendance qui se manifeste dans la Conference k 
vouloir toujours augmenter un travail deji si considerable en lui- 
m^me " (Proc^s-verb. p. 5 1). We would respectfully associate our- 
selves with M. Cornu in his anxiety. We feel the same trepidation 
as would probably thrill the friends of a chessplayer who was to 
meet an antagonist of unknown powers, and who insisted on 
playing blindfold ; or of a strong man who was to lift a weight of 
unknown specific gravity, and who himself revised the programme 
by quadrupling the weight. If anyone thinks these metaphors 
exaggerated, let him compare the present programme with that of 
the Congress of 1887. It was then determined to make a chart of 
the Heavens by taking photographs of 15 to 20 minutes exposure. 
By successive interpretations and additions this has now come 
to mean photographing the heavens six, possibly eight, times over, 
with a total exposure of about 90 minutes, or perhaps no for any. 
one star. The figures are necessarily provisional owing to recent 
decisions of the Committee ; but we are certainly underestimating 
the desires of several members in reckoning 2 exposures of 2' 
minutes and 4 respectively for each series of Catalogue plates ; 
40 minutes for the first Chart series (as already decided) ; and at 
least another 40 minutes for the second, if not three exposures of 
20 minutes each. And this is only the compromise, — the conces- 
sion wrung with some hard fighting from the more ardent spirits ! 
It is difficult to say what proportions the undertaking would by 
this time have assumed if some members of the Committee bad 
not been duly impressed with the danger of attempting too much. 
To these we feel deeply grateful ; and we hope that their deter- 
mination in discharging a somewhat ungracious duty may be re- 
warded by a more authoritative tribute of approval. Their task 
was not an easy one : they were tempted by proposals from the 
opposition, speciously disguised so as to look very like their own. 
Would it not be better, they were asked, to start with a simple 
programme and take the Catalogue plates first? The simple 
programme is an attractive bait ; but fortunately there were those 
who were quite determined that to make a Catalogue in the pre- 
sent and leave the Chart to a more or less indefinite future was 
precisely what they were not going to do. We greatly regret 
that here again numbers were so far against them that they were 
only able to obtain a compromise, and were fain to be content 
with the following resolution : — *' Les iravaux decides par le 
Congr^ de 1887, comprenant deux series de cliches faites avec 
des poses difl^rentes, le Comite permanent tout en recommendant 
aux observateurs de pousser avec la plus grand activite possible 

VOL. XIV. o 



186 Astrophotographic Chart. [No. 175. 

Pexecution des cliches de la deuxi^me categoric (cliches destines h, 
la construction d'un Catalogue) est d avis qu'on devra aussi pro- 
fiter du plus grand nombre possible de belles soirees pour faire dea 
cliches h, longue pose de la premiere s^rie." 

So the Catalogue is to be pushed forward and the poor Chart 
only tolerated ; and the primary exposure for the Catalogue plates 
is defined as twice the length of the secondary, instead of the 
secondary being defined as a quarter that of the primary ; and the 
time of exposure for the Chart should apparently, in the opinion 
of some members of the Committee, be decided by the requisites of 
its paper copies ; and subsidiary things generally are to be put 
into the important place. 

It is bewildering, and not a little distressing. The difference 
between a Chart, an autographic representation of the stars as 
they exist at a certain time, forming a groundwork for investi- 
gation, any portion of which may be selected for a special re- 
search, and measured with an accuracy suitable for the particular 
purpose, or compared with the heavens or a similar representation 
at a future tim« ; and a Catalogue, an investigation in itself, 
which already bears the impress of selection in the number or 
magnitude of stars recorded, or in the precautions taken in 
measuring them, and moreover of an indiscriminate selection in 
that beyond a certain point all stars are treated similarly — the 
difference between these two things is, to our minds, so clear that 
we are puzzled and distressed when we find the latter being 
shuffled into the place properly belonging to the former. 

And here we are speaking of a Catalogue such as is advocated 
by more than one person, as an end in itself — more important, or 
at least of greater urgency, than the Chart. The Catalogue of 
Reference Stars voted by the Congress of 1887 was a different 
thing, merely a collection of pegs to peg down the separate leaves 
of the Chart in their proper place, whose urgency was, therefore, 
strictly determined by that of the Chart, to which it was sub- 
sidiary. Admiral Mouchez, in his opening address, now speaks 
of '* le resultat utile et pratique d'un Catalogue lusquli la 11* 
grandeur auquel beaucoup d'astronomes attachent la plus haute 
importance," and says of the Chart, " elle n'a pas la meme urgence 
que le Catalogue " (Proc.-verb. p. 6). Had he kept in view the 
original reason for the Catalogue it is difficult to understand how 
he could have advocated determining the places of the " Etoiles de 
repere " at a different epoch from that of the Chart, of which they 
are to be the fundamental points. It is too much like making the 
fittings before the house is built, because it is of such importance 
that they shall fit nicely. But once the importance of the Cata- 
logue in itself is admitted, Admiral Mouchez is of course quite 
right in urging its execution ; for the photography is relatively 
easy, and the measurement and reduction will take a long time* 
We can only regret that this view is advocated so strongly. In 
our view such a Catalogue is a mere human reproduction of a 
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Chart, and stands condemned in the words of M. Cornu (Proc- 
verb. p. 44) about other projects for reproduction : ** Nous n'avons 
le droit de faire usage d'aucune methode qui ne reposerait 
pas sur I'emploi de la lumi^re, et la lumiere doit agir seule, — il ne 
doit y avoir aucane intervention de la main humaine. Cela serait 
contraire au caract^re de notre entreprise." 

To return for a moment to the question of exposure. The most 
remarkable occurrence of the meeting was perhaps the extra- 
ordinary paper read by Dr. Scheiner on the connection of magnitude 
and exposure. At the eleventh hour ho gravely announced that 
one of the fundamental principles of the work was quite wrong, 
and that an exposure of 2^ times the duration was only equivalent 
to about a half instead of a whole magnitude. We are very sorry 
for Dr. Scheiner ; he no doubt believed in his results, and bravely 
undertook the duty of giving the proper warning. His reputation 
and the admirable way in which he stated his case gave his words 
a weight which they could not otherwise have acquired, and made 
an obvious impression on the Committee which had some unfor- 
tunate results. For we need hardly say that we cannot accept his 
facts. There must be some mistake, of what kind it is impossible 
to say with certainty ; but we may surmise that the weighty words 
of Capt. Abney may be applicable " to this case, viz. : " beaucoup 
de plaques examinees jusqu'i present ont ete plus on moins voilees 
par Taction de la lumiere diffuse, et ce fait est une des causes qui 
expliquent qu'on ait trouve des formules differentes pour les 
grandeurs " (Proc.-verb. p. 23). The evidence against Dr. Scheiner 
is overwhelming. It was already so strong at the time of the 1887 
Congress that the Brothers Henry referred to it in general terms, 
without considering it necessary to give details. 

In the * Proces-verbaux,' p. 38, we read : — " M. Paul Henry fait 
connaitre le resultat obtenu sous ce rapport (sur la duree de pose 
necessaire, etc.) en se servant de Tequatorial de o™*33 d'ouverture. 

" II faut en moyenne une duree d'environ quinze minutes pour 
obtenir a peu pres les etoiles de 14® grandeur. 

" On sait d'ailleurs que, pour passer d'une grandeur h, la suivante, 
on doit multiplier le temps de pose par 2*5 environ." 

On these facts the resolutions of the Congress were based; 
and since that time evidence in confirmation of them has accumu- 
lated, while little or nothing has been authoritatively urged on the 
other side. That Dr. Scheiner was heard with such respect, and his 
words allowed to influence the resolutions as far as they did, is 
probably the greatest compliment the Potsdam Observatory will 
ever receive. As a result of his remarks the first exposure for the 
Chart plates is to be 40 minutes instead of the 15 suggested by 
M. Paul Henry in 1887 ; and some otherwise interesting but not 
immediately pressing experiments with screens are to be added to 
the programme, which will delay the commencement of the work 
several months. 

In conclusion, we are glad to turn to some of. the thoroughly 

o2 
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satisfactory features of the meeting. Admiral Mouchez had the^ 
pleasure of reporting to the Committee several substantial acts ofr4 
fiberality and generosity. The promptitude with which M. Bischoff^ 
sheim responded to the appeal for funds to make a parallactic 
micrometer has been already recorded with gratitude ; and at thi»^ 
the final meeting of the Committee before entering on the wo 
of execution, the President rightly recalled to its memory t 
graceful action by which the French Academy undertook the pu^ 
hcation of the * Proc^s-verbaux ' and ' Bulletin.' It is very pi 
to hear that M. Biver, Director of the Saint-Gobain Cristalle: 
not only guarantees perfect plate-glass for the negatives, 
offers them for the simple cost of production ; and that the ho 
of Lumi^re in Lyons similarly offers not to make a commer 
question of the conversion into photographic plates. We 
perhaps add an instance of a. slightly different character from ^ 
report of Pather Denza on the Vatican Observatory, founded pxr:^ 
cipally for celestial photography. He says (Proc.-verb. p. 1 1) .• - 
" Nous sommes autorises par le Saint Pere k faire tout ce qui se== 
possible et necessaire pour mener a bonne fin I'entreprise." 

This shows a spirit of determination to get the best possitz::^ 
result, which we have already remarked is charact-eristic, and w^ 

sincerely congratulate Admiral "Mouchez and all the original pi ' 

motors of the scheme on the great enthusiasm they have evoke--'** 
of which even the opposition he has received from ourselves an::^ 
from others of greater authority and importance is, if rightly inters* 
preted, only one phase. 

Any notice of this meeting would be incomplete without 
reference to the services of two gentlemen whose names we we 
glad to see added by acclamation to the Committee on Reproducti 
— M. Comu and Capt. Abney. No one can read the * Proces-ve 
baux ' without being struck wilh the importance and efficacy 
their remarks. We have already quoted M. Cornu twice, and 
might have added other words of wisdom with advantage. Cap -^ 
Abney placed his experience as a photographer unreservedly at tlr:^ 
disposal of the Committee, who have to thank him for guidance 
more than one difficult question. Editoks. 



Notes on Visits to some American Observatories, — II. 

[Continued from p. 156.] 

We found Washington in a state of Christmas festivity ; the sno 
storm, which hurried us out of Virginia, had sprinkled enouj 
snow on the streets and surrounding roads to bring out all i 
sleighs in the neighbourhood, and it was as much as one's life 
worth to attempt to cross Pennsylvania Avenue on foot in 
afternoon or evening. Pleasure and swiftness in sleighing 
to be connected by a logarithmic relation, and the magnitude of ^^ 
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additive constant is such as to lead to remarkable ingenuity in the 
device of sleighs. Some interesting questions in stability have 
thereby been solved practically : it gives one, for instance, new 
ideas of a rocking-chair to see it gliding with lightning speed after 
a horse. 

The surroundings of the Washington Observatory are in very 
marked contrast to those of the Lick. At Mount Hamilton, how- 
ever great the actual achievements in work are, the predominant 
feeling that must arise in the mind of a visitor accustomed to 
ordinary sites is one of elation and enthusiasm in the thought of 
the opportunities. At Washington, there can be no doubt, one is 
primarily impressed with the admiration for the work achieved 
under what may outspokenly be described as unfavourable condi- 
tions. The Potomac is unkind to the astronomers, and all look 
forward to the removal to the fine site on high ground above 
Georgetown. There the instruments will be above the lower 
lying mists which now cause trouble in observing, and the ardour 
of the workers will not be deadened by suspicions of malarious 
sickness. 

Prof. Hall kindly devoted considerable time to showing me all 
details of the Observatory, and especially the 26", and allowed me 
to spend part of a wonderfully good observing evening with him 
looking through the 26". There is that certain air of homeliness 
about the general appointments of the 26" that betokens solid 
working. The sail-cloth that serves as shutter to the dome, the 
simple observing-chair, the well-worn look of the micrometer 
always attached to the telescope, the general appearance of the 
clock in the stone pillar supporting the telescope — everything 
points to an evident intention to get immediate and constant 
returns in results. The mounting itself cannot fail to strike one 
as astonishingly light ; it is, I suppose, as a matter of fact, too 
light. The counterpoise, intended to relieve the declination axis 
of strain, can easily be set in vibration in such a way as must cause 
inconvenience, if nothing worse, in observation. It takes a very 
appreciable time for the instrument to come to rest after being 
shaken. 

Prof. Hall is busily completing his observations on double stars 
for his catalogue, and continues his observations of satellites. 

Prof. Harkness is engaged upon a gigantic piece of computation, 
and has nearly completed it. He has proposed to himself to attack 
the problem of deducing from the enormous Accumulation of obser- 
vations, which have been made by various observers for special 
ends, values of certain constants connected with the determination 
of the solar parallax. What one may call fundamental constants 
in the solar system appear in every astronomical determination, 
some of them in their own right, so to speak, others by implication 
in quantities got by observation. Prof. Harkness's wish is, to extract 
from all such observations as are to hand values for the constants 
implied in them, and so to get values which represent reaUy our 
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present knowledge. It is a colossal problem to undertake ; but so 
much way has been made that part of the calculations are in print. 

Prof. Paul is continuing observations on the shortest-period 
variable known (S Antlise, period 7 hours odd). 

The grounds of the new site cover 70 acres, and have a circular 
boundary. The buildings are to be ready by this summer ; but it 
is expected that the move can hardly be complete before next 
spring. Congress was to be asked to appropriate 88295,000, required 
in abandoning the old and equipping the new Observatory. Many 
new instruments are contemplated, notably a 13" photographic 
telescope, a 7" heliometer (the only other heliometer in the States 
is that at Tale), a 6" transit-circle, and provision is made for a 12" 
equatorial. The 26" will have a new mounting by Warner and 
Swasey, of Cleveland, who are doing so much of this kind of work. 
It is proposed to have a movable floor of Grubb's device : it seems 
questionable whether this is worth the trouble and expense in a 
40-foot dome, unless the 26" is to be used much in photographic 
and spectroscopic work. The new dome is to be made of steel, 
mounted on stone upright walls ; it interested me much to learn 
that everyone regrets that the upright wall, which is already built, 
is not to be of steel. Two considerations led my father to choose 
iron as the material for both the walls and the dome now being set 
up at Cambridge — one was portability, the other was equalization 
of temperatures. At Washington the evident feeling is that the 
latter is a most important one, and is realized best by steel build- 
ing. And as bearing on the former, it is of interest to note that 
the peripatetic Observatory emanating from Harvard College, and 
now under the direction of Prof. W. H. Pickering in Peru, is pro- 
vided with buildings made with wood and covered with paper — an 
arrangement which has been found very satisfactory for 'such work. 

On the pleasant memories of two days spent at Baltimore after 
leaving Washington on New Year's eve, I must not here dilate, 
even to tell of a visit paid to Prof. Rowland. The machine for 
ruling diffraction gratings compels reverence as the most peaceful 
machine ever made, not to mention any of its physical excellences. 
Proija Baltimore we went on to Philadelphia, and spent a Sunday 
there visiting friends, and thence to Boston, passing by night 
through New York. The whole train was transferred on a ferry 
boat across the Hudson, which was filled with blocks of ice and 
snow : these seemed to cause wonderfully little inconvenience to 
the ferry. Thus we passed up the East Biver, with a most impres- 
sive scene around us. Brooklyn Bridge overhead, with the rising 
curve sketched out by the lamps upon it and by the lighted cable- 
cars creeping along backwards and forwards, and the dark sil- 
houette of the city on the left, looming mysteriously against the 
sky, without a hint of the unsightliness of many of the tall build- 
ings with bare sidewalls waiting for neighbours to rear themselves 
beside them. 

At Boston we spent ten days, and met with kindness on all sides 
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that we are not likely to forget. Of the many points of interest 
which Prof. Pickering had to show, I must needs pick out only one 
or two. The general feature of the Observatory of Harvard Col- 
lege which distinguishes it in the mind of the visitor, is perfect 
organization to attain certain specified ends on an immense scale. 
One has a sense of there being a great army there, marching on, 
conquering vast tracts; now and then a cohort may be told ofE to 
rest upon some special spot and there to gather their spoil, and 
then follow on, ready to join in the general advance. The com- 
mander-in-chief himself gathers might from might, and realizes 
without consternation that his army is dealing with extension in 
three dimensions, the field for investigation is increasing with the 
square, and the mass of information to be collected with the cube 
of the radial extension. One gets some idea of the activity at 
Harvard, when one learns that 9000 photographs have come into 
the Observatory during the last year. In his last repgrt. Prof. 
Pickering points out in solemn terms the danger to which the 
plates, of which there are now more than 27,000 in the Observa- 
tory, are exposed from the possibility both of fire and of the giving 
way of floors, which were not specially constructed to carry heavy 
loads, under the weight of the plates. 

The photographic doublet is much favoured at Harvard on 
account of the extent of field. The 8-inch Bache telescope is of 
this nature ; it is provided in front with large prisms of aperture 
not less than that of the objective. It is with this arrangement 
that the general material for the Draper Catalogue of Stellar 
Spectra has been collected, and so serviceable has it proved that 
when the Bache telescope was sent away to collect further mate- 
rial in Peru, Mrs. Draper decided to provide a duplicate, and this 
is now in constant use at Harvard. It was a very great pleasure 
to meet Mrs. Draper at Harvard, and again to enjoy her friendly 
hospitality on the eve of our departure from New York. 

Each plate taken with these instruments includes a region of 10 
degrees 'square, and often shows as many as 200 spectra distinct 
enough to be measured. A 24" doublet with prism in front is to 
be made to extend the work to fainter spectra on the wholesale 
method. Miss Bruce of New York, of whose keen interest in 
astronomical progress so many astronomers all over the world have 
lately such lasting proof, is the donor. Messrs. Clark have already 
received the glass for the prism, and a very perfect piece of glass 
it appears, as it lies in their workshop, about 3 inches thick, and 
almost completely free from blemish. The discs for the doublet 
have not yet arrived. 

The Draper Catalogue of Stellar Spectra is already printed and 
forms volume xxvii. of the Annals of the Harvard College Obser- 
vatory. It is a volume of 388 pages, of which 105 pages are 
devoted to the actual Draper Catalogue, the rest containing details 
of measurement and notes of further information which has not 
been condensible into a single letter. Por any one star, the entry 
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consists of half a line in a quarto page. Three columns gire tbf 
reference numbers in the Draper Catalogue (D.C.)) the Durchmus- 
terung (D.M.), and the Harvard Photometry (H.P.), the numerica! 
order in the D.C. being decided bj • S. A. in 1900; two colamnf 
give B.A. and Declination 1900. Another column gives tfai 
number of plates on which measurements have been made for thai 
particular spectrum. The sixth column contains a letter designs 
ting the class of spectrum ; the seventh gives the mean of th< 
photographic magnitudes, and the last column gives differeno 
between this mean and those in the D.M., the Argentine G-enera 
Catalogue, and in the Harvard Photometry, the quantity measure< 
in each case in the D.C. being the intensity of the spectrum abou 
the g line. 

The ordinary classification was too broad to meet all cases, aix 
hence the spectara have been classed under letters A, B . . • ^ 
ai^bitrarily assigned, and these arbitrary classes may easily I 
translated into any system. Photographs of typical spectra ]^) 
given in the frontispiece. 

A second table of details of measurement follows the catalogue 
in it each line of entry contains (i) the D.C. number of the stac 
(ii) the reference number of the actual plates on which the spectruix 
appears, (iii) the observed brightness on each plate, (iv) residuals 
(v) the end of the blue designated by Fraunhoferor special letters - 
(vi) a letter describing the nature of further information to be 
found in remarks contained in about 100 pages at the end oi 
the volume. 

Table III. is a catalogue of photometric residuals exceeding '09. 

Table IV. is an index to letters employed by Bayer. 

Table V. is a summary of stars in the Draper Catalogue. 

Of volume xxvi. of the Annals only part is printed; when com- 
pleted it will form a voliune of which the Draper Catalogue -volume 
may be regarded as the tables, and will contain a description ol 
the formation of the tables and of the work done with the Bachc 
telescope, and a discussion of that work. 

Photographic charts showing all stars to the 12th magnitude 
have been obtained, and thus it is possible at once to verify varia- 
bility, which subject has become one of great interest in connection 
with the spectrum work, inasmuch as "the hydrogen lines arc 
shown to be bright in thirty variable stars of long period," whicl 
" peculiarity of the variable stars furnishes a means of discovering 
them." H. P. Nbwall. 

[To be continued.] 



The ^ Capture ' of Periodic Comets^. 

The orbits of the short-period comets present so many points c 
resemblance that it has been suggested, on grounds of more cc 

* Etude sur la th^orie des cometes p^riodiques, par M. O. Callandreau. 
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less probability, that some common origin, or at least some common 
cause, has operated to give to the orbits those special features by 
-vdiich they are characterized. These features include direct 
motion in the orbit^ which is but little inclined to the plane of the 
ecliptic ; the coincidence of the aphelion distance with the mean 
distance of Jupiter, and at one of the nodes there has usually been 
at no very distant date a close approach to the planet itself. It 
is very easy to suggest from these facts that the action of Jupiter 
has converted an orbit which was originally of a parabolic type 
into one that is elliptic. Such an obvious suggestion, however, is 
not without its difficulties. If we suppose a comet, moving with 
the velocity necessary to produce parabolic motion, to approach a 
disturbing planet, one of two things must happen: either the 
velocity is diminished, in which case an ellipse results (and this is 
the only condition with which our experience has made us familiar), 
or the velocity is increased, and the comet moves along a branch 
of a hyperbola. Since either event is primd fade equally pro- 
bable, why is it that we have no instance of a hyperbolic comet 
approaching the Sun, after having been in collision with the 
sphere and activity of Jupiter ? Apparently we ought to have 
seen as many instances of hyperbolic as of elliptic motion. 

There is, too, another difficulty for which it has not been easy 
to offer an adequate explanation. This difficulty arises from the 
comparativ^y small area of the sphere over which Jupiter may be 
considered to have sway. The radius (p) of this sphere is for any 
planet 

where r and m are respectively the radius-vector and mass of the 
planet. In the case of Jupiter, p is approximately -g^. But the 
theoretical probability that a comet encounters this sphere is of 
the order p' or -^Iq ; and therefore of 400 comets which have passed 
the orbit of Jupiter, one only should exhibit elliptic motion from 
this cause. But there are some twenty comets which have been 
jnroved to move in ellipses of short period. 

Eecently a very thorough examination of the problems arising 
from the approach of a comet to Jupiter has been undertaken by 
a most competent authority. In the 'Bulletin Astronomique,' 
vol. vi., M. Tisserand has indicated a method of dealing with the 
question, and has deduced some interesting results, more par- 
ticularly depending upon the eccentricity and mean distance. 
This problem has been still further elaborated by M. Oallandreau, 
who, besides reproducing much of M. Tisserand's work in an ex- 
tended form, takes into consideration the other elements of the 
orbit, and in some particulars gives us the means of comparing 
the theory with observed facts. M. Oallandreau has shown the 
conditions under which an ellipse with direct motion may result 
from contact with the sphere of activity of Jupiter, and it appears 
that the character and direction of the motion of the comet, after 
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passing away from the neighbourhood of Jupiter, depeiid on the 
angle at which the comet entered that sphere. For instanoe, if , 
following M. Callandreau, we describe as the apeof that point aJb^ 
which the tangent to the orbit of Jupiter meets tiiat sphere _ 
measured in the direction of the planet's motion, then : ellipti^^^ 
orbits with direct motion result from a parabolic comet encoui]^::^ 
tering the sphere near that point. On the other hand, hyperbola^^. 
with direct motion are produced by the original parabolic com* 
entering on the opposite side or antiapex of the sphere, whii 
ellipses with retrograde, and hyperbolas with direct motion follcn^:^:::;^ 
from contact with the sphere at angles 90° distant from either 
these points. M. Callandreau, availing himself of the ^ Catalog 
of Cometary Orbits,' drawn up by M. Schulbof, compares 
theory with observation, and he finds that, with the single exci 
tion of Encke's comet, the twenty known orbits of short pci^ J 
can be explained by supposing them to be produced by parab<o 
comets moving towards the apex, and having a perihelion dista: 

comprised within the limits of r and -. 

The anomaly presented by the case of Encke's comet can 
explained by supposing an approach to one of the planets inferi 
to Jupiter and undergoing additional perturbation*. The p 
played by the inferior planets in modifying the motion of come 
may be considerable and yet avoid detection. M. Callandreau' 
favours the plausible hypothesis, and one that does not contradir^^ 
the latest spectroscopic investigation, by supposing these planets tc^ 
act in their respective spheres of activity in the same way thaf 
Jupiter act«», though within an area more restricted on account oi^ 
the smallness of their masses. They would thus give rise to 
liumerous class of elliptic comets of very short period, which coul£^ 
furnish not only an explanation of the zodiacal light, but woul(fc^ 
supply a medium of a certain resistance, which the observecE^^ 
irregularities in the motion of Encke's comet appear to demand. ^ 

A further test to which the capture theory may be submitted i» ^^ 
the determination of the limits between which the eccentricity otz 
an orbit of a comet having a given time of revolution must li 
This test cannot, however, be applied rigorously, but the result 0: 
its application is as follows : — Taking the sixteen comets whosf 
inclinations are less than fourteen degrees, it is found that eigh 
satisfy the test, having eccentricities within the computed limits 
while the remainder, though discordant, do not pronounce deci 
sively against the theory. The uncertainty in the criterion arise 
from the fact that we may have to deal with an ellipse of Ion 

* In a couversation which the writer recently had with M. Callandreau 
suggested that the introduction of Encke's comet into the Solar system was d 
to the action of Mercurj. Though M. Callandreau declined to express ai 
definite opinion, and treated the question with the greatest reserve, he w 
understood to distinctly favour the suggestion. A further proposal th 
Halley's comet might have received its present form from perturbations of tl 
Earth was not received with the same favour. 
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period, reduced by perturbation to a shorter, whereas the theory 
in its rigour deals simply with a parabola. And fiere it should be 
remarked that the theory does not require that the capture should 
be effected at a single approach. It is shown that the action of 
Jupiter can gradually prepare the way for final capture by diminu- 
tion of the period at successive returns. The effect of the un- 
certainty of this criterion on the computed eccentricity of an 
orbit, when the axis major is not infinite, is illustrated by Brooks's 
Comet of 1889, which with a mean distance of 3*67 ought to have 
an eccentricity greater than 0*54, supposing the change from para- 
bolic motion to have been effected at one effort. The observed 
eccentricity is, however, 0*47 ; but such a value would have resulted 
if Jupiter perturbed, not a parabola, but an ellipse, whose semi- 
axis major was about 100, that is whose period was about loop 
years. It is true that, judging from some modern instances, the 
life of a periodic comet cannot be indefinitely extended, and there- 
fore the long periods of time necessary to produce encounters 
between Jupiter and the comet seem to tell against the hypothesis. 
But it is not probable that, remote from Solar activity, there is the 
same tendency to disintegration or disappearance that has been 
observed in such comets as Biela or De Vico. 

The discussion of the perihelion distance and of the position of 
the line of apsides yields still further support to the capture hypo- 
thesis. A satisfactory explanation is afforded of the observed 
coincidences of the aphelion of the comet with the orbit of Jupiter, 
by the demonstration of the fact that the line of apsides makes an 
acute angle with the radius-vector drawn through the point of 
closest approach. This law obtains throughout the table of orbits 
referred to, while in thirteen out of twenty cases the coincidence 
is almost exact. With regard to the perihelion distance, since in 
the original parabolic orbit the least distance varied from r to 

-,i. 6. from 2 '60 to 5*20, it is evident that a very considerable 

diminution must have resulted from perturbation, and M. Callan- 
dreau shows that in the case of comets with direct motion the 
perihehon distances are necessarily diminished, and thus brought 
within the range of observation ; while comets with retrograde 
motion are removed still further from the Sun, and therefore 
necessarily escape detection. 

The feet that the influence of Jupiter has not produced in- 
stances of hyperbolic motion is also examined analytically with a 
satisfactory result. The conclusion is that hyperbolic comets 
elude observation, either because the perihelion distance is large, 
beyond the orbit of Mars, or because a comet ont-e captured does 
not approach perihelion, but travels along the hyperbola to an 
infinite distance. 

The effect of the investigation of MM. Tisserand and Callandreau, 
conducted with consummate ability, has been to remove much ihat 
was vague and unsatisfactory, and to bring the capture theory 
within the range of great probability. W. E. Plummee. 
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Variations in Nebula, 

In observations of nebulae great differences are induced by atmo- 
spheric variations. Last autumn I frequently looked at a smaU, 
round nebulosity which 1 had discovered in E.A. 8*^ 34™, Dee. 
85° 54' N. On certain nights it was quite plain with a power of 
60 on my 10- in. reflector, on others I could barely glimpse the 
object. 1 felt inclined to believe that real variations occurred in 
the inherent light of the nebula, but further observation proved 
the changes were due to the varying transparency of the atmo- 
sphere. Another small nebula with a nucleus was examined 
on different evenings, and it is remarkable that on some nights I 
recorded it as having a stellar nucleus, while on others it appeared 
to have an ill-defined central condensation. Its brightness appa- 
rently fluctuated as well. But I ascertained that these alterations 
were also due to the varying condition of the air. Bad definition 
gave the nucleus a woolly, diluted appearance, and the visibility of 
the nebula varied with the opacity of the atmosphere. 

Fog, haze, smoke, and wind exercise a most perceptible in- 
fluence on faint, delicate objects. When planetary definition is 
good the details of a nebula are usually distinct if the sky is dark 
and no fog or thin cloud is near. There is a prevalent idea that 
large aperture rather than good definition is required for small 
comets and nebulae, but for the perception of minute features the 
latter quality is most important. Comparatively small telescopes of 
high excellence will do wonders (as D'Arrest showed) on nebulae, 
and will exhibit detail and faint objects that are ordinarily con- 
sidered beyond their reach. With a small aperture the field of 
view is relatively darker than in a large one, and the disparity 
of size certainly does not give the larger instrument a com- 
mensurate superiority of power. 

It has been alleged that the nucleus of the great nebula in 
Andromeda undergoes some striking variations in its physical 
character. These variations have been noted by means of photo- 
graphy as well as by the direct evidence of the telescope. 
Apparent changes undoubtedly occur, but it is by no means cer- 
tain that actual changes are constantly affecting the nucleus. 
The variations appear to be of a fugitive, alternating character, 
and are very likely to have their sole origin in atmospheric dis- 
turbances. An observer who often examines this fine object will 
be sure to remark differences in its appearance ; but when he re- 
cords the varying state of the atmosphere, as affecting definition, 
as well, he will pretty certainly find that the former are closely 
associated with the latter. 

Descriptions of nebulae by various observers are seldom in 
harmony, because the seeing at the times of their several observa- 
tions was not equally good. A pretty bright nebula seen in a bad 
sky is liable to be considered faint. There is a nebula (N.G.C. 
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6015) 4° "W. of ri Draco nis which Sir W. Herschel described as 
"very faint," wWle D'Arrest called ifc "bright." N.a.C. 1469, 
near y Camelopardi, was discovered by Swift and described as 
" very faint ; " but I picked it up on a very clear night in Nov. 
1890 and thought it pretty bright, as it was fairly conspicuous 
with a power of 60. Other discrepanciies in the notes of observers 
might be alluded to. Dreyer says Hind's nebula (N.G.C. 6760), 
4° W. of V AquilsB, " was suspected of variability, because it was 
refound by D' Arrest in May 1852 and called a first-class nebula, 
and subsequently ' pretty faint ' and ' diluted,' while Auwers found 
it once * pretty bright,' another time 6i the second class at most. 
There is, however, no reason for thinking it variable. It has little 
or no condensation, which probably makes its appearance more 
depending on the state of the atmosphere than would otherwise 
be the case." I swept up this nebula on Sept. 9, 1890, and called 
it " pretty bright, pretty large, brighter in the middle." In this 
and in many additional cases inconsistency in the records, instead 
of implying physical change in the objects, point rather to atmo- 
spheric variations, which are fully capable of introducing the 
discordances observed. 

Those who have spent entire nights in celestial observation 
will often have noticed rapid changes in the condition of the 
atmosphere. It is seldom the air remains equable for a long 
period. Two nights are rarely alike, and though mere eye- 
observation detects little difference, telescopic power will often 
reveal great change. The opacity and pureness of the air vary 
from hour to hour. Some nights are unusually dark for several 
hours, the stars are very lucid and sparkling, and faint objects 
become intrusive. At other times the air is comparatively light, 
though there is no moon, twilight, or aurora of ordinary kind. The 
whole sky is occasionally suffused with a gauze of whitish material, 
seriously interfering with observation of faint objects. This is 
sometimes remarked as a striking feature. When watching the 
Perseids on several following nights in August 1880, the firma- 
ment glowed with a light that seemed stronger than the twilight 
of midsummer, but with this distinction, that in the former case 
the whole sky appeared equally affected. The transition from a 
dark to a light sky is sometimes quickly produced, and it is rarely 
that the air maintains a similar degree of transparency during an 
entire night. These changes are not caused by fog or mere sur- 
face phenomena, but are rather due to conditions affecting the 
upper limits of the atmosphere. I mention the circumstance as 
one bearing on the visibility of faint objects, which depends in 
great measure on the darkness of the sky contiguous to them. 

Bristol, 1 89 1, April 13. W. E. DeNNING. 
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Selenographical Notes. 

Babhow, W. C. Bond, &o. — The borders of both these walled- 
plains exhibit that curious tendency to paralleUsm of which northern 
lunar latitudes afPord so many examples, though in the case of 
Barrow it is far less marked than in that of its. much larger neigh- 
bour, W. C. Bond, which, being wholly bounded by nearly straight 
walls, has the appearance of a yast rhomboidal enclosure. It is 
especially noteworthy soon after sunrise, both for the beauty and 
variety of its shadow-phenomena and the peculiar character and 
tone of the floor, then displayed to the best advantage. The most 
suitable time for observing these features is when the western side 
of the large bright ring-plain Timseus is on the morning terminator. 
This is also the best phase for examining the wall and other cha- 
racteristic details of Barrow which render it a very interesting 
object under a low morning Sun. 

Neison describes Barrow as a "nearly square-shaped walled- 
plain with moderately high walls," which, according to him, rise to 
9419 feet on the east, and at the peak /3 on the west to a height 
of 7910 feet; but it is really a five-sided formation with long and 
nearly parallel borders on the north and south (the latter ter- 
minating on the east at the western side of the deep crater 
Barrow a) ; two equally straight but much shorter borders on the 
west, which, failing to meet, leave a notable gap in the wall ; and 
a fifth section, also short but very broad, running from the eastern 
end of the northern straight border up to the northern side of 
Barrow a, thus completing the circumvallation. The continuity of 
the southern border is broken by one large depression B (Neison, 
Map VI.) and by other irregularities. On January 17, 6** to 7**, 
I noted a very bright little crater on the summit of this wall some 
distance east of B, which, strange to say (as it is a very easy 
object), is not shown by Schmidt or others. Between this and 
Barrow a the wall is perfectly straight and exhibits no detail what- 
ever. The existence of the wide gap in the western border is 
beautifully manifested at sunrise, when the wedge-shaped strip of 
illuminated floor due to the opening is interposed between the 
black shadows of the wall on either side of it, which cover the 
remainder of the interior. As sunrise advances, a fine view is 
obtained of the shadow of the lofty peak /3 on the southern side 
of the gap, which at 6^ 30™ on the above date extended to the 
foot of the north-western wall of Barrow a. The mountains on 
the northern side of the opening must, however, be fully as high, 
as the mass of shadow due to them equalled that of /3 in length. 

On the north-east side of Barrow, abutting on the wall but not 
penetrating it, is a very interesting example of a deep narrow rill- 
valley. It runs for some distance in a north-easterly direction, 
and ultimately curves concentrically round the foot of the slope of 
the north wall of Goldschmidt. Schmidt alone shows it. Neither 
Miidler nor Neison refer to it. It is a beautiful object under a 
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high power, and seems to be -due to the presence of a row of 
inosculating craters gradually diminishing in size from the foot of 
the wall of Barr6w to the termination of the valley north of Qold- 
schmidt. Another noteworthy circumstance in connection with it 
is that it is bordered on either side by a bank of some altitude, 
which was a very obvious feature on January 17. There is a pro-^ 
minent crater situated at the foot ot* the western bank and close to 
the bottom of the northern slope of Barrow, which does not 
appear in the maps. 

The western side of W. C. Bond consists of an irregular double 
range of mountains of considerable altitude^ extending from the 
neighbourhood df the deep crater B in the interior to the north 
side of Archytas. It follows a slightly serpentine course without, 
however, deviating to any great extent from a direct line. Two 
peaks on the more easterly range throw magnificent spires of 
shadow across the floor at sunrise, which, with the almost equall}' 
imposing shadow of "W. C. Bond B, make up a very striking tele- 
scopic picture. Schroeter (Tab. Ixi. fig. i) snows a cleft running 
from the north Wall of Archytas along the west side of the moun- 
tains just referred to, and Schmidt draws a coarse crater-row in 
nearly the same situation, both probably representing a valley 
between parallel heights. Beyond the western border is a large 
enclosure, Archytas 0, bounded by hills of no great altitude, 
except on the extreme west, where they culminate in a very curious 
triple-peaked mountain. Neither MSdler, Neison, nor Schmidt 
show any detail in connection with W. C.,Bond B, though a 
3 J -in. achromatic reveals a good-sized crater on the floor close to 
it on the north. There is another just under the west bordeb, 
a.lso an easy object, shown only by Schmidt, and he represents a 
"third on the south-west wall of /3, of which I have no record* 

Beaumont House, Shakespeare Eoad, Thos. Gwtn ElGER. ) 

Bedford, 1891, April i8. 



CORRESPONDENCE. 

To the Editors of ' The Ohservato^^.* 

Comet B,, 1891. 
Gentlemen, — 

While comet-seeking on the evening of March 30 at g\ 
^vith a lo-inch reflector, power 40, 1 picked up a bright nebulous 
object in Andromeda. As I failed to identify it with any of the 
conspicuous nebulae which had. become familiar to me during pre- 
vious sweeps in this region, I concluded it to be a comet. A few 
minutes sufficed to rev^ motion. The new comet appeared round, 
with a bright central condensation, but it was unfavourably placed 
in the mist over the N.N.W. horizon, and details were uncertain. 
At 16** 30" I reobserved the object, and found it very obvious, 
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thongh the gibbous Moon waa up. The diuly modoa I judged 
be 70' to the S., or more exactly S.S.E. 

Another obaervatiou was obtained on March 3 1, 8^ 30*, Imt fl 
comet was indistinct in a hazy aky. 

On April 4, 8" 30" it was again seen, and the atmosphers b« 
unuBually dear, the comet appeared much bright«r than on [a 
vkkUB occasioos. It had a delicate tapering tail, so eiceedioa 




Comet and Meteor, 1891, April 4. 

diaphanous that it could only be caught by glimpses. It stretche 
over cert^ily more than half the field of 50' (power io) which 
was using, though its precLse limits were indeterminate, perhap 
owing to the faint twilight lingering in that quarter. At 8" 35 
a telescopic meteor, about 8th mag., crossed the comet just uadc 
tiie head, and the effect produced for a moment was very it 
tereating. 

Gaudy weather ensued, and the comet was not seen again. ] 
is now lost in the Sun's rays. Frof. Barnard, of the Lick Obsei 
vatory, appears to have discovered the same body on the evenin 
of March 29, though my telegram conveyed the first intimation 1: 
the new object to the chief observatories in Europe. The comt 
is passing rapidly southwards, and it is to be hoped that i< 
course will be watched from the southern hemisphere when i 
emerges from the Sun's rays at the latter part of May. 

It is singular that it eluded detection luitil it had drawn s 
near its disappearance to northern observers. The comet woul 
probably loave been found here early in Mavdi but for extremp] 
un&TOurable weather. As an example of how unsuitable ou 
climate ia liable to be for this class of observation, I may mentioi 
that between March 3 and April 1 1 comet-seeking was only prac 
ticabJe on two nights. Yours faithfully, 

Bishopston, BriBtol, lEgi, April 13. W. F, DnHNINO. 
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Is I Cancri a Variable Star ? 

Gentlbmbjt, — 

This star is included by Mr. Gore in his useful list of Sus- 
pected Variables, where, however, he does not mention all the 
grounds on which its variability would seem to be really probable, 
though if 80, the change must be of long period. Ptolemy and 
Al-Sufi give its magnitude as the fourth, and it is nearly of that 
magnitude still, Prof. Pritchard photometrically determining it in 
1883 as 4*24, nearly the same as that of ^, which agrees with Mr. 
Gore's estimate in 1876. But Elamsteed registers the magnitrude 
as 5, Lalande made it the same, Bradley even fainter, as 5*6. 
Piazzi gives it also as 5*6 ; by a misprint the Bayer letter appears 
in his catalogue (whei'e its number is viii. 158) as v instead of t. 
Argelander estimated the magnitude as the fourth — the same as 
it is at the present time; but the evidence appears pretty strong 
that it was smaller in the last century and at the commencement 
of this. Tours faithfully, 

Blackheath, 1891, April 8. W. T. Lynn. 

Observing Occuliations» 
Gentlemen, — 

In reading Mr. Innes's description of his visit to Mr. 
Tebbutf s observatory at Windsor, N. 8. "W., I was, I confess, re- 
minded of the dictum of the American philosopher, that " There's 
nothing new, and there's nothing true — and it don't much signify ;" 
for I orally described the method adopted by Mr. T. of observing 
occultations, before the Eoyal Astronomical Society more years 
ago than I at present care to count. Even after this lapse of time, I 
think that I can reproduce my remarks verbatim. I said then : 
"Ilrmay not be a very scientiHc method of observation, but it is a 
"very effective one that I adopt. Adjusting the micrometer wire so 
that an equatorial star runs along it, I thread the star on that 
wire a short time before it is occulted, and leave the clock driving. 
Then when the star is about to reappear, of course I know exactly 
at what part of the Moon's opposite limb to look for it." I can 
only wonder that so very simple an expedient has not occurred to 
scores of people. Faithfully yours, 

Forest Lodge, Maresfield, Uckfield, WlLMAM NoBLB. 

1891, April 9. 

Saturn, 
Gentlemen, — 

My attention has been called to a criticism in the * English 
Mechanic ' of my pictures of Saturn, and as this criticism is cor- 
rect, I wish to acknowledge it. The inner edge of the gauzy ring 
is too bright. An attempt was made to stipple the stone, but in 
printing the colours ran together and gave a wrong appearance to 
the inner edge. 

Anyone who makes a picture of a planet should bear in mind 

TOL. XIV. P 
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Ben. Franklin's story of John Thompson the hatter, and take cri* 
cism kindly. The general tendency is to exaggeration. I m. 
refer to an incident of my own experience. About ten years ai 
a book-agent visited this Observatory with some drawings of t 
planets on which very startling features were shown. On my r 
ferring to this fact, and saying that I had never seen anything 
bold through the telescope, the agent, a long gaunt Yankee, Am 
himself up, and shaking his finger at me, said with a solemn vo^ 
" Professor, the people demand it,'* 

Verhum sap. Faithfully yours. 

Naval Obseryatory, ASAPH Halx. 

Washington, D.O., 
1891, April 13. 



OBSERVATORIES. 

Paeis. — We gather from one of the Paris daily papers the 
Admiral Mouchez's request for an observatory outside Paris, eithe 
complete or at least sufficient for such work as is now serious] 
hampered by the situation, has been seized upon as an oppoi 
tunity for proposing the demolition of the present observator 
It need scarcely be said that no such work of destruction 
contemplated by Admiral Mouchez. He proposes converting tl 
historic building into a museum if it is no longer to be used at a] 
But some energetic people point out that the building stands i 
the way of a very nice project for a sewer ; and further that 
never was a good observatory, and so had better come down. Tl 
story of the building is certainly rather curious, though we ai 
sorry it has been remembered for such a purpose as that \ 
urging its destruction. Louis XIV., being desirous of encouragir 
Astronomy, appointed Cassini his astronomer, and directed tl 
architect, Perrault, to have an observatory ready for him on arriva 
The architect made a fine building, but when Cassini arrived 1 
found it would not do for astronomical purposes, and he a 
cordingly built himself a small hut to observe in on the terrac< 
and Perraulfs building has practically never been used as s 
observatory. The instruments and the Director have been est 
blished in pavilions and buildings successively added as occasic 
required. 



PUBLICATIONS. 

AsTEONOMT IN 1887 AND 1 888*. — There is so much life ar 
activity in astronomical matters that it is a real pleasure to tal 
stock once in a way ; and such reviews as Prof. Young's ' Ten Year 
Progress in Astronomy' are both instructive and entertainiu; 

* An account of the Progress in Astronomy for the Years 1887, 1888, 1 
W, 0. Winlock. Washington, 1890. 



^ayl891.] Publications. 203 

^e can even afEord to look back a little oftener than once in 
ten years, as do the Royal Astronomical Society in their annual 
notes on progress ; and Mr. Winlock has for some time past 
edited an annual review on the other side of the Atlantic, His 
work Las, however, recently failed in one important feature of a 
good annual review : that of appearing to date, or as soon as pos- 
sible after the termination of the period considered. Thus the 
^port for 1886 appeared in 1889; and we have just received 
that for the years 1887-8 together. This may be due to the 
accidents of publication, as the report is included in the Smith- 
sonian reports, but it is a pity some remedy cannot be found. The 
^port itself is more or less a compilation, and there should be no 
<^fflculty in having it ready at the end of the year, if clippings are 
^ade at once. In the present case the treatment of two years 
'^gether has led to the omission of the eveilts of one (and it is not 
*Avvays clear which) in cases such as the reports of Observatories, 
award of medals, &c., &c. With this exception the work is care- 
tuHy doae, having probably gained in quality by the delay. There 
^^"^ naany particulars of American Observatories which we have • 
^5>t YxbA access to elsewhere, and the delay in publication does not 
^*^ course afEect the value of the review as a work of reference, as 
^*''*icli it will be very valuable. 



:bliogba.phy of Meteobology. — Eeferring to the BibKo- 

S«^a.p]ij of Meteorology, a classified catalogue of the printed 

^^^i^ture of meteorology, prepared under the direction of General 

^*^^ely, of the Washington Signal Office, a notice concerning which 

^^peared in the 'Observatory' for March, 1890, and of which 

P^i'ts I and 2 of the Section " Physics of the Atmosphere," dealing 

^^^I>ectively with Temperature and Moisture, were then published, 

*^^ have now to acknowledge the receipt of part i of the section 

^►^^^y^echanics of the Atmosphere," which deals with the subject of 

^^ii:ids. This is reproduced by lithography, for limited circulation, 

5^ V)ef ore. General Greely regrets that he is compelled to pro- 

P ^^^« this valuable bibliography in such a fragmentary and unsatis- 

^-^^•^^tory form, but no funds are yet available for printing the 

^•"^-^ogue, and parts are issued in this form because no better 

^"i^hod has been possible for making the work accessible to those 

*^^D have aided in its preparation. W. E. 



LlTDBUOn DEB GEOGBAPHISCHEX ObTS-BbSTIMMUNGEN AITP 

ISBN*. — Dr. Wislicenus has noticed that travellers pay only 
^- ^^nt attention to the determination of good geographical posi- 
^»^^H8 ;. and among other reasons for this omission he is convinced 
^^ *it one is the want of a text-book on the subject — a book, that is 
say, which shall contain just all they ought to know and no 
-^^re. He has done his best to supply this text-book in the work 

"** Handb. u. s. w. zum Gebrauch fur Gteographen und Forsohungreisende ; 
'^ Dr. W. F. Wislicenus. Leipzig : W. Engelmann. 
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before us, which contains 270 pages octavo ; which number of pages 
is hardly reassuring to the traveller who is anxious not to spend 
unnecessary time on this one of the many things that claim his 
attention. On glancing through the book, however, we cannot see 
that much could well have been omitted if the matter is to be dealt 
with fully. Of course a much smaller work might be produced in 
perhaps a few pages only ; and we should think the author would 
have done well to add one or two chapters containing simple but 
definite programmes for a traveller equipped in definite ways — say, 
with a sextant and a good watch, or a theodolite and chronometer, 
or a theodolite alone. The chief danger in making a text-book so 
complete is that the choice of methods offered is merely bewildering ; 
take for instance the dozen or so methods of finding the latitude 
here given ; each is most clearly and concisely explained, and a 
good example fully worked ont. But there is very little to indicate 
which method should be chosen in particular cases. 

There is another point in which the examples might have been 
made more useful to those unfamiliar with the methods. One of 
the things about which a beginner is most in doubt is whether his 
observations are sufficiently accordant ; and if Dr. Wislicenus had 
given in each case a series of four or ^ve results obtained by a prac- 
tised observer, like himself, instead of only a single one, a very 
useful standard of accordance would have been established. 

It is, however, somewhat ungracious to complain of what the 
author has not given us when he has already been so generous. 
The great merit of the work is its completeness and clear style of 
writing ; and we must not forget to mention the carefully minute 
directions to intending observers about such things as lamps and 
notebooks &c. Attention to these words of wisdom, from even 
some experienced astronomers, would save many hours of subse- 
quent labour. The work is in three parts : the first forty pages 
deal with spherical astronomy ; the next huodred with instruments ; 
and the last part with the actual methods for determining latitude 
and longitude. A very slight knowledge of German would be 
sufficient for understanding this last and most important part of 
the work. 

Celestial Morioifs *. — We are glad to see another edition (the 
seventh) of this admirable little work, which has already been 
translated into French. 

The Solae Paeallax and Rblatei) Constants. — The great 
work which Prof. Harkness announced only recently (see ' Observa- 
tory,' No. 173, p. 133) is already completed and published. The 
whole occupies 160 pages of the Washington Observations, and 
forms Appendix III. to the Volume for 1885. We must defer any 
extended or critical notice of the work ; but may here remark that 

* 'Celestial Motions, a handy book of Astronomy,' by W. T. Lynn, B.A. 
London : Stanford. Price 28. Qd, 
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the value obtamed for the solar parallax by this exhaustive discus- 
sion of all existing observations is 8"*8i+o"-oo6, and of the 
constant of aberration 20^*455 9 ^^^ ^^^ ^^^ semidiameters of 
the Earth 20925293 feet and 20855590 feet respectively, giving a 
flattening of 1/300*2 -j- 2 '96. 

The Asteophotogbaphic Chaet : 6th No. of the Bulletin. 
— This number, which appeared just before the meeting of the 
Committee, opens with a paper by M. Kapteyn on the parallactic 
micrometer, whose construction has been rendered possible by the 
private munificence of M. Bischoffsheim ; and a more technical 
paper on the same subject by M. P. Gautier. The theory of 
reduction of the measures is expounded by M. Kapteyn in another 
paper occupying half the number (50 pages). The merits of the 
apparatus can m many ways be more profitably discussed when it 
has been made and used ; and we accordingly shall not consider 
them at present. 

A paper in which M. Prosper Henry points out the change of 
the constant of refraction in photographic work has been already 
published and referred to : and there is little else in the number 
calling for particular comment. 



NOTES. 

A FtFTH Type of Stellae Spectra. — Prof. E. C. Pickering, 
writing in the * Astronomische Nachrichten,' No. 3025, proposes 
this title for the stars whose spectra resemble those of the stars 
discovered by MM. Wolf and Eayet. In general Prof. Pickering's 
photographic survey has confirmed Seechi's fourfold division of stellar 
spectra ; but many stars in Orion and the neighbourhood differ 
considerably from the ordinary first type stars, the additional lines 
instead of being faint as in Yega, being nearly as intense as the 
hydrogen Hnes, whilst two classes of objects, the planetary nebulae 
and the stars the spectra of which consist chiefly of bright lines, 
are left unprovided for. Prof. Pickering points out the close 
similarity of the grouping of the lines in these three classes, and 
also the striking character of their distribution. Whilst stars of 
the second and third types are about equally divided between the 
Galactic and non-Galactic regions, two-thirds of the first-type 
stars lie in the former area, and of the Orion stars four-fifths are 
found in the Milky Way. A similar distribution of the planetary 
nebulsd has long been recognized, and Prof. Pickering here shows 
that of 33 stars known as of the " Wolf-Eayet," or, as Prof. 
Pickering suggests they should be called, the " fifth " type, every 
one hes within 10° of the Galactic equator, two-thirds within 2° 

of it. 

The following table shows the correspondence between the 
lines of the Orion stars and those of the fifth type, in which Prof. 
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[No.: 



Pickering proposes to inclade the planetary nebulse. The 'W 
Bayet stars he diyides into three classes, taking Cord. G-. C. 8 
Cord. G. C. 22763, and S.D. 21° No. 4864 as typical exam 
In the Hrst two classes X 469 is the most conspicuous line; in 
third, X 464. 



Orion Stars. 
(Dark lines.) 


Planetary 
Nebulffs. 


Bright- line Stars. 


Class I. 1 Class II. 


Class ni 


486 
470 

463 
454 

45 1 

447 
442 

434 
420 

410 

407 

403 . 

397 

394 

389 

387 


501 
4S6 
470 

447 

434 
410 

397 
388 


486 
469 
462 
454 

434 
420 

410 

406 

402 

398 
395 
389 
388 


486 
469 
464 

455 
451 
447 

434 
420 

410 

406 

402 

397 
389 


464 

455 
451 

443 

434 
421 

412 

407 

395 



EoTATiox OF JupiTEE. — In a paper read to the St. Petersl 
Academy in November last, Dr. Belopolsky has collected 
discussed all available observations for the rotation of Juj 
The result is to conjBrm the existence of two distinct period 
rotation for the visible Jovian surface, one of about 9** 51°* ati 
ing to an equatorial belt ; and the other of 9** 55" for the rei 
the surface, at least as far as latitude 45°. The equatorial \h 
well defined as far as 5° on either side of the equator ; but 
this point to 10° or 15° visible markings may belong appar< 
either to the belt or to the rest oE the surface, and give re 
for rotation period accordingly. The belt does Dot appear t 
quite symmetrical with respect to the equator, and if it corresp 
to the belt of trade-winds on the Earth must have some addit 
peculiarity not represented on the Earth ; unless, indeed, the 
equal distribution of our land and water in our two hemisphei 
the cause of some asymmetrical optical phenomenon to obsei 
in other planets. 
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The Atjeoea. — Prof. F. H. Bigelow, who has recently paid 
some attention to the mathematical theory of the solar corona 
considered as an electrical phenomenon, is anxious to make a 
similar analysis of the problem of the aurora; but the proper 
observations are lacking. He begs those who have the oppor- 
tunity to make the simple observations required, which consist in 
measuring the angle of inclination of a streamer to the vertical 
plane passing through the station, together with the azimuth of 
the ray, prolonged, if necessary, at the point of its springing from 
the horizon. His paper, in which he describes a simple instru- 
ment for the purpose, will be found iu Amer. Journ. of Sci. 
vol. xli, Feb. 1891 ; and in case any of our readers wish to make 
such observations, we shall be glad to forward them a copy. 



The Alleged Vaeiation op Latitude. — In Astr. Nach. 3021, 
Dr. N. Herz suggests a new origin for the variation of latitude in 
the electrified state of the Sun. If the Earth be not an absolute 
conductor nor the air an absolute non-conductor, it is shown that 
the direction of gravity at any point will thus apparently change, 
not only with the season of the year, but during the day ; while 
its intensity need not be sensibly affected. It is pointed out that 
if this be the true cause, the observed phenomena should vary 
with the latitude, and not with the longitude, as would be the 
case for a real shifting of the Earth's pole ; and we thus have a 
means of putting Dr. Herz's theory to a thoroughly practical test. 



A Vaeiable Nebula. — The nebula N.G.C. 11 86, which was 
discovered in 1785 by W. Herschel and observed in 183 1 by bis 
son, could not be found in 1854 and 1864 by Lord Eosse, nor in 
1863 by d' Arrest; but has been lately observed by M. Bigourdan 
at Paris (C. R. cxii. no. 9, p. 471). There is thus a strong proba- 
bility that it is variable, and it certainly deserves attention. 



MiNOE Planets. — It appears that the Minor Planet announced 
on p. 136 of No. 173 as discovered on Feb. 11 is Lacrimosa 
No. 208; the Nos. on pp. 136 and 166 should therefore be de- 
creased by T. No. 308 was discovered by M. Borrelly on March 3 1 
and No. 309 by Dr. Palisa on April 6. No. 303 has been named 
Josephina. 

The new French Base-line. — The oflBcers of the French 
*' Service Greographique " measured a new base-line in the summer 
of 1890, and the Director, Gen. Derrecagaix, has just communi- 
cated the result to the Academy. The work was obviously done 
with great precision and also great rapidity, owing to efficient 
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organiiation. The base selected was nearly that of Picard, between 
Villejuif and Juvisy, though it was not possible to use Picard's 
terminals, one of which is now surrounded by buildings. It was 
measured twice (the operations extending over 25 days the first 
time and 18 the second), and the greatest difference between the 
two measures of a section of 200 or 300 metres was 2™™*6, the 
final result for the whole base being 7 2 26*" 7 92. On comparing 
this result with Delambre's base, Meluu— Lieu Saint, through the 
triangulation, the difference is found to be only o'"-oi ; but on 
comparing by triangulation with the fundamental linear measures 
of other countries, a curious systematic discrepancy appears as 
follows (the first number being the excess of the foreign measure 
over the French, and the second the whole base-length) : — 

m m 

Spain (Forceral— Canigou). . . . 
Belgium (Kemmel— Cassel) . . 
England (Harlettes — Cassel) . . 
Italy (Mounier— Tournairet) . . 

The reason for this discordance is yet to be determined. We 
congratulate the Service on the promptitude with which such an 
excellent piece of work has been accomplished. 



-0-44 


30141 


-0-31 


22982 


-0-68 


37460 


— 0-46 


26010 



Photogbaphio Stellas Magnitudes. — The method proposed 
by Capt. Abney for determining stellar magnitudes photographi- 
cally is worthy of careful attention. Hitherto various empirical 
formulae connecting the brightness with the diameter of the disc 
have been suggested with more or less success. Capt. Abney deals 
with the total photographic action, including both the density and 
the size of the image. He measures, in fact, the total obstruction 
to light offered by the image when it is placed as a screen in front 
of an aperture. It can in this way be compared with a scale of 
screens or a graduated screen and the total action measured ; and 
the relation between the total action and the brightness of the 
source has been specially and successfully investigated by Capt. 
Abney. We hope his beautifully simple and complete proposal 
will meet with approval. 

Messes. Tatlob and Peancis will shortly publish a new illus- 
trated book, intended for astronomical amateurs, and written by 
Mr. Denning, of Bristol. The title is ' Telescopic Work for Star- 
light Evenings,' and the volume will include chapters on telescopes 
and observational matters, in addition to descriptions of the 
principal celestial objects. 

An appeal is being made in California for funds to enable 
Messrs. Burnham and Keeler to take the 12-inch Equatorial to 
Chile, on the occasion of the favourable opposition of Mars in 
1892, when the planet will be in Declination 23*^ South, and thus 
badly situated for observation in northern latitudes. 
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MEETINQ OF TEIE ROYAL ASTRONOMICAL SOCIETY. 

Friday, May 8, 1891. 

Lieut.-G«n. J. F. Tbnnant, C.I.E., R.E., F.R.S., 
President, in the Chair. 

Secretaries : E. B. Kkobel and A. M. W. Downing, M.A. 

The Minutes of the last Meeting were read and confirmed. 

Mr, Downing, Seventy-seven presents have been received since 
the last Meeting ; amongst those calling for special mention are : — 
E. Dunkin, ' The Midnight Sky,' new edition, presented by the 
author ; C. A. Young, ' Lessons in Astronomy,' presented by Mr. 
E. Arnold ; Pulkowa Observatory, Catalog von 5634 Sternen, pre- 
sented by the Observatory ; Munich Observatory, Annalen, Band I. 
Erstes Miinchener Stemverzeichniss von 33,082 Sternen, pre- 
sented by the Observatory ; Photograph of the Cluster in Perseus 
made at the Lick Observatory, presented by Prof. E. S. Holden. 

A vote of thanks was accorded to the donors of the presents. 

Mr. Knohel read a paper by Mr, K. B. Naegamvakb " On the 
character of the chief line in the Nebula in • Orion." Mr. Nae- 
gamvala has been observing the spectrum of the Great Nebula in 
Orion on every available occasion for two months at Poonah in 
India. The telescope used was a i6|-inch reflector by Calver, and 
spectroscopes having one, two, and three prisms have been used. 
The results of the observations are that the chief nebula line is 
seen sharp under aU circumstances, and no trace of any fluting 
structure has ever been seen. It is therefore concluded that the 
line in question is not the remnant of a fluting of magnesium, as 
has been suggested by Prof. Lockyer in his ' Meteoritic Hypo- 
thesis.' 

Captain Noble, I think it cannot fail to be gratifying to our 
eminent Fellow, Dr. Huggins and his gifted wife, to find that his 
conclusions have been corroborated on the American Continent 

VOL. XIV. Q 
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by Mr. Keeler, iu Grermany, and now in India. The character of 
this line has been under discussion for two or three years, and, 
despite evidence to the contrary, it has been insisted upon that it 
has its origin in magnesium. I think Mr. Naegamvala has — I 
will not say killed — but buried the idea. 

Prof. Alexander Herschel, There has been a great deal of re- 
search expended upon this line since it was first discovered, when 
.it was said to be due to nitrogen. Even now we cannot say 
definitely what its chemical origin is, and we must wait and hope 
for a solution of the question. But this does not touch the main 
point of Mr. Lockyer's hypothesis, which is that the luminosity of 
nebulae is due to low temperature. There is a background of un- 
certainty as to the chemical origin of the line, and contradictory 
accounts of its appearance, and the question of the true source of 
nebulous light is one that remains for the future to decide. 

Mr»A, Taylor, In 1888 I examined the spectrum of the Great 
Nebula in Orion, and the conclusion that I came to then, and which 
I communicated to the Society in a paper in January 1889, was 
that this line was sometimes seen fluffy on the edge towards the 
blue. A similar observation has been made in nebular spectra by 
Dr. Huggins on several occasions, by Father Secchi, Dr. Vogel, 
Dr. Bredichin, and Mr. Maunder, and the appearance of this 
fluffy edge • is not by any means confined to one nebula. It has 
been seen so repeatedly that a single observation now cannot dis- 
pose of it, and we must seek for a full explanation. The earlier 
observations were allowed to stand unexplained until Mr. Lockyer 
brought forward his meteoritic hypothesis, and suggested that the 
line was a remnant of the magnesium fluting. Since' that sugges- 
tion was made Dr. Huggins, Dr. Vogel, and Mr. Maunder have 
said that they see the line perfectly sharp ; but this does not in- 
vahdate their previous independent and unbiassed observations. 
Their first records were made to publish facts of observation the 
importance of which they did not recognize, aud no observations 
made by them now will carry so much weight as their previous 
unprejudiced work. Dr. Huggins and others say they now see 
this line perfectly sharp, and in my own observations I find that 
I can sometimes see it practically sharp, and at other times fluffy. 
So far as I can make out, everything depends upon which portion 
of the nebula is falling on the slit of the spectroscope. It is a 
great disadvantage that observers, when they are examining ne- 
bular spectra, will not record which portions of the image of the 
nebula are falling on their slits, then we should be able to get 
definite evidence as to differences in the spectriun, and perhaps to 
understand how it is that this line is sometimes seen sharp and 
sometimes fluffy. 

There is another point, and that is with regard to the observa- 
tions of Mr. Keeler at the Lick Observatory. Much importance 
is attached to the fact that he, with large aperture and great dis- 
persion, does not see any trace of a fluting. As a matter of fact. 
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his conditions are nearly the worst possible for making this obser- 
vation. For stellar work his large aperture would be an advan- 
tage, but for the examination of nebulas and other objects of 
sensible magnitude the large aperture is a positive disadvantage 
if there is a corresponding increase of focal length ; and the Lick 
telescope of 36 inches aperture and 672 inches focus is quite un- 
fitted for this work. A 12 -inch telescope of 18 feet 8 inches foci|s 
would be just as effective, and if of shorter focal length, would be 
better than the Lick telescope. For observing and measuring a 
sharp line, or the sharp edge of a fluting, great dispersion is an 
advantage, but a small dispersion is more fitted to detect the faint 
light that fringes the edge of a fluting. Great dispersion spreads 
the faint light out until it becomes invisible. Besides this, with a 
grating spectroscope the loss of light is very great. When we add 
to these disadvantageous conditions the fact that Mr. Keeler's 
eyes are not acute, we can easily understand how it is that he 
cannot see any resemblance to a fluting in the nebula line. I 
should have been very surprised indeed if he had, for his telescope, 
his spectroscope, and his eyes are all against him. His negative 
evidence has had too high a value placed upon it, for negative 
evidence from him is of very little value, although positive evidence 
from him would be of greater value than from anyone else. In 
the paper read to us to-night, although we are told the aperture of 
the telescope, we are not told its focal length, and no mention is 
made of the portion of the nebula examined, so that we cannot 
possibly determine the value of these observations. 

Captain Noble. I should like to ask one question, and that is, 
does Mr. Taylor ask this meeting to believe that he contends there 
is still a chance of this chief nebula line having its origin in 
magnesium ? 

Mr. Taylor. I do not think that I ought to be cross-examined 
on this question, or that we are in any way discussing my opinion. 
We are discussing facts of observation, and they are that Dr. 
Huggins, Father Secchi, Dr. Vogel, Dr. Bredichin, Mr. Maunder, 
Prof. Lockyer, Mr. Fowler, and myself have on separate occasions 
seen this line fluffy on the blue edge, whereas the writer of the 
paper sees it sharp. My opinion of the chemical origin of the 
line has nothing to do with the matter at all. This much I will 
say, however, that the observations of Mr. Keeler have certainly 
made the suggested magnesium origin more probable than the 
nitrogen origin that was accepted for so long, or the lead origin, 
if Dr. Huggins ever believed in that. I see no reason for doubt- 
ing Mr. Keeler's measurements, and on some occasions he has 
measured the magnesium line to the red side of the chief nebula 
line, although his mean results show that it is on the other side. 
Motion in the line of sight, a swirl in the nebula, or instrumental 
errors may account for the differences, but in any case his results 
strengthen the suggested magnesium origin, and completely demolish 
all other suggestions. 

q2 
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Mr. Ranyard. I should like to point out that in the whole course 
of observations of motion in the line of sight there is a shifting 
of the line as a whole, and no tendency to produce a nebulosity on 
one side only. I do not see how any such effect could be brought 
about. We might get nebulosity on both sides, but not on one. 
8ome solar lines were believed to be unequally winged, but with 
more powerful instruments and better definition this is found not 
to be the case. One thing we can rely upon is the position of \ he 
line. The nebulosity of the edges is much more difficult to 
observe. 

Mr, Taylor, It is quite possible that the nebulosity on one side 
of the line may be due to motion in line of sight. If some of the 
luminous matter is at rest and another portion approaching us in 
the line of sight the result will be a sharp edge on the red side and 
a fluffy edge on the blue. This widening on one side can some- 
times be seen with the hydrogen lines of the Sun, and it may be 
that this fluffy edge to the line in the nebula in Orion is an effect 
of a similar cause. It may be due to this or it may be the rem- 
nant of a magnesium fluting, but there can be no doubt of the real 
existence of this fluffy edge to the line. 

Dr, QUI, There is one point with regard to the observations of 
Mr. Keeler that I should like to mention. It is perfectly true all 
that Mr. Taylor has said on the subject of the proportion of 
focal length to aperture of the telescope, but in this case I was 
not aware that there is any difficulty in seeing the line. It is 
easily visible. I am not a specialist, but there can be no doubt 
that if you are observing a continuous spectrum, as from a star, 
a large dispersion would dilute the light, but in the case of mono- 
chromatic light the large dispersion used by Mr. Keeler would be 
an advantage for accurate measurement of the wave-length of the 
line. The point on which the identity of the chief nebula line 
with magnesium turns, i. e, the question of wave-length, is whether 
the nebula has a motion in the line of sight, of about ^6 miles a 
second. If there is one question more certain than another in 
celestial spectrum analysis, it is that hydrogen is a constituent of 
this nebula. Now the hydrogen -lines do not show any such 
motion, so that the evidence is against the magnesium origin. I 
speak from general principles and not as a specialist. 

Mr, Gregory. 1 think that the suggested magnesium origin hangs 
as much upon identity in appearance as coincidence in position. 
The nebula line was thought, until a few years ago, to be due to 
nitrogen (although nitrogen gives a double line here), and it was 
only after Mr. Lockyer suggested that it might be magnesium 
that Mr. Keeler's observations were made, and they were made 
with the idea of disproving the suggestion. Mr. Lockyer's sugges- 
tion is . at any rate nearer the truth, and entitled to more respect 
than Dr. Huggins's suggestion of nitrogen, and Mr. Keeler's 
observations have strengthened the idea of the magnesium origin. 

Mr. Maunder. I observed the principal line in the nebula iu 
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Orion in March 1884, and that observation has been referred to 
several times to-night. On that occasion I used two half-prisms, 
equal to about 16 ordinary prisms, and the nebula line did not 
give me the idea of being the remnant of a fluting. It was a line, 
but was not sharp on either edge, and the edge towards the blue 
was a httle more diffuse or a little more fluffy than the other one. 
I do not follow Mr. Loekyer's idea that a large dispersion will be 
less likely to show this than a small one. 1 have observed the 
line witli smaller dispersion and have never been able to detect 
any lack of sharpness or want of symmetry except on the one 
occasion. 

The President. Mr. Taylor says that d^erent parts of the 
nebula give different characters to the line. I should like to 
know if he considers it probable that the magnesium is present in 
some parts and absent in others. If the fluffy edge is due to 
motion in line of sight, then some parts are in motion and others 
at rest. That is what the suggestion amounts to. Does he 
attribute part of the line to magnesium and part to some other 
cause? 

Mr, Taylor, I can only give the facts of my observations, and 
they are that the character of the line varies when different parts 
of the nebula fall on the slit. I find that when the trapezium and 
the condensed portions of the nebula near it fall on the slit 
the extension towards the blue is greater than is seen in any 
other part of the nebula. Whether this is due to the stars in the 
trapezium being condensations in the nebula, whether there is more 
magnesium there, or whatever the cause is I cannot say. 

Capt, Noble, Dr. Huggins photographed the spectrum one night 
with his slit across the trapezium, and his photograph ought to 
show this. 

Mr. Taylor. Dr. Huggins has not photographed the 5005 line. 
His plates wiU not reach it. I may say that there are photographs 
in existence, but not yet published, that seem to indicate a swirl 
in the nebula such as I have indicated. Drawings from and 
descriptions of these plates will be published, and copies of the 
actual photographs will, I hope, be available for examination. 

The President called upon Dr. Gill to give an account of his 
visit to the Continent. 

Br. Gill, My visit to the Continent was chiefly connected with 
the Astrophotogi'aphic Congress. I had the pleasure of reading 
in the ' Observatory ' the exceedingly accurate account of the 
Congress given by the Astronomer Eoyal, therefore I need not 
refer to what has been told you already. After the Congress we 
had to remain behind to complete the revision of the proc^- 
verhaua;^ and after a pleasant stay in Paris I started for Berlin. 
There I was principally occupied in discussions with Dr. Auwers 
with regard to the possibilities and probabilities of getting certain 
meridian observations of the comparison stars which will be 
required as standard stars upon the photographic plates for the 
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formation of the catalogue. I forget whether the Astronomer 
Royal told you of the decision of the Committee that there were 
to be sk stars, chosen as symmetrically as possible, on each of the 
plates for the catalogue. The positions of these stars are to be 
determined by meridian observations at two observatories, and by 
two observations at each observatory. That involves the prepara- 
tion of a catalogue of between 60,000 and 70,000 stars over the 
whole sky, and that catalogue would have the advantage that these 
stars would be distributed as evenly as possible over the whole 
celestial vault. I believe that it will be possible, with the sym^ 
pathy and co-operation of astronomers, to prepare this catalogue 
and to obtain in the course of a reasonable period a complete re- 
observation of the selected stars. The first step will be to select 
the stars, and that selection will have to be made by laying down 
upon the chart of Argelander a square equal to each of the 
10,000 plates, and to select the six stars most suitably placed in 
each plate. Argelander's ' Durchmusterung ' and Schonf eld's exten- 
sion of it will enable this to be done for the northern hemisphere 
and down to 23° South declination. We hope in the course of 
another year that the catalogue of the Cape photographic ' Durch- 
musterung ' will be completed, when we shall be able to lay down 
the stars in charts ; from these charts the stars for the rest of the 
southern hemisphere may be selected. From Berlin I went to 
visit Messrs. Eepsold at Hamburg, and saw Dr. VogeFs apparatus 
for measuring the star-plates, which is extremely conveniently con- 
trived and well made ; and the same may be said of a new heliostat 
for Potsdam. From there I went to G-roningen and discussed with 
Prof. Kapteyn details as to how the catalogue and charts of our 
'Durchmusterung ' should be published. I only hope I shall be able 
to get the necessary funds as quickly as possible. I should have 
said that during my visit to Berlin 1 spent two days at Potsdam 
with Prof. Vogel, and returned deeply impressed with the extreme 
accuracy and importance of the observations going on there for 
the measurement of rate of motion of stars in the line of sight. 

Dr. G-ill then described the spectroscope used by Prof. Vogel 
by the aid of drawings on the blackboard. A strong conical cage 
of steel X-rods carries the collimator and is bolted on to the 
tube of the telescope. The two compound prisms used are 
mounted in a steel case accurately adjusted for minimum devia- 
tion of " G-," and then rigidly clamped. This is bolted on to the 
case carrying the collimator and is perfectly rigid. The photo- 
graphic camera is mounted on the end of a steel conical tube, 
and this is in turn bolted to the prism case. A strong steel arm 
ties the end of the camera case to the tube of the telescope. 
When thus mounted the whole spectroscope is incapable of any 
accidental displacement, and is protected against alterations of the 
adjustments owing to motion of the telescope. 

Eesuming, Dr. Gill said : I was very much impressed mth the 
apparatus, and having made a number of observations and measured 
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a number of photographs of spectra which Dr. Vogel had obtained 
with it, came to the conclusion, which I believe is not an extra- 
vagant one, that the work done by Prof. Vogel with this appa- 
ratus is incomparably the most accurate yet done ; so much so that 
with a 25-inch or a 30-inch telescope well mounted, and a 
spectroscope similar to this, employing the largest dispersion 
which can be used, I believe that by observation of the spectra 
of the brightest stars it will be possible to measure the velo- 
city of the Earth in its orbit so accurately that the solar 
parallax will be obtained in this way more correctly than by any 
other method. That is an enormous advance in exact spectro- 
scopic work, and I hope that Potsdam will not be long before it 
has a telescope capable of doing all I have suggested. I also hope 
that Potsdam will not be the only place where we shall see such 
results. 

Mr, Taylor. Does Dr. Vogel use a cylindrical lens ? and if so, 
where does he put it ? 

Dr, Gill, No, he does not use a cylindrical lens ; but places his 
slit parallel to the motion in Eight Ascension, and uses a slit of 
limited length. He then allows the star to wander backwards 
and forwards in the direction of the slit, and that gives the^ 
necessary width to the spectrum. 

The vacuum tube for giving the Hy line of hydrogen across the 
star spectrum is fixed across the tube of the telescope, some dis- 
tance in front of the slit and at right angles to it. 

The Astronomer Royal, I quite agree with Dr. Gill in his 
appreciation of the great accuracy of Prof. Vogel's results. I was 
surprised that such good results were obtained with the vacuum 
tube in that position, because it seems to me optically wrong. 
This method of placing the vacuum tube in the cone of rays 
and at right angles to the slit was adopted by Dr. Huggins, and 
was the method first used at Grreenwich, but it was found 
necessary to give it up because it gave erroneous results. The 
rays from the vacuum tube and from the star were under different 
conditions in the collimator. Different parts of the object-glass 
of the collimator were illuminated by different parts of the vacuum 
tube, and in this way it became possible to get erroneous results. 
Our experience showed that the method could not be implicitly 
trusted, and we gave it up several years ago, though Dr. Huggins 
and Dr. Vogel seem to have obtained satisfactory results with it. 

Dr, QUI, There may be other reasons for the failure than the 
position of the vacuum tube. 

The Astronomer Royal gave an account of the new dome for the 
Boyal Observatory, Greenvnch, illustrating his description by a 
model of the dome and by lantern slides made from the drawings. 

He said : — The new dome is intended to house the new 28-inch 
refractor, which is nearly finished, and as it presents some 
novel features I thought it might be of interest to the Fellows 
if I give a short account of it. A proposal was made to 
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erect this dome in place of the wooden drum of 30 feet dia- 
meter which is now mounted on the south-east tower, and that 
proposal has been sanctioned by the Admiralty. The work of con- 
struction of the dome is being carried out by Messrs. Cooke and Sons 
of Tork, and I hope by the autumn that it will be erected and the 
28-inch telescope boused in it. It was necessary to have the dome 
of greater diameter tban the iower, and to avoid building out at the 
top of the tower it has been arranged to make the dome 31 feet dia- 
meter at the plane of the rail on the tower, and ^6 feet in diameter 
higher up. The dome in section takes the form of two involutes 
of a circle joined together at the top by an arc of a circle. 
Another feature is the construction of the shutter, for T wished to 
have that made so that it shall be perfectly dymmetrical. The 
shutter-opening extends right over the dome from the curb through 
the zenith to the opposite part of the curb, so that the dome 
virtually consists of two separate portions joined together by a 
flanged rib carrying a rail at the top. The opening between the 
two halves is 7 feet wide, and the shutter is divided down the 
middle and opens both ways. This double shutter equalizes the 
weight when the sHt is open and prevents undue strain of the 
^ome on one side. The top of the shutter runs on the rail at the 
top of the dome, the rollers being arranged both above and below 
the rail. 

The telescope is 2 feet out of the centre of the dome, to the 
south of the axis of the dome, so that when pointing to the zenith 
it is clear of the rail. The mounting of the present instrument is 
to be retained, and the dome will be of sufficient size to allow the 
whole of the telescope tube to be in the dome in all positions ex- 
cept when the telescope is pointing very near the horizon on the 
meridian. The apparatus for rotating the dome will be similar to 
that used for the Lassell dome, the rollers having sUghtly curved 
faces running on the rail, this form of face being found very 
efficient and practically diminishing friction and risk of obstruction 
from grit to a minimum. 

Mr. E. T, Carter. I know very little of the practical working 
of a dome, but I am familiar with the principles of rolling friction. 
The method t)f using rollers with curved faces is not the best for 
reducing friction when any lubricating material is used. The 
pressure is on a line, and not spread over a surface ; the result is, 
that the lubricating material is pressed out, whereas if a surface - 
bearing were used, it would reduce friction. 

The Astronomer Royal, We find the curved faces to the rollers 
act perfectly well with the Lassell dome. The difficulty in the 
case of a comparatively light dome is not so much to reduce rolling 
friction by lubrication as to prevent the grit which accumulates on 
the'rail from interfering with the rotation of the dome. This is 
efficiently provided against by using the curved rollers. 

Mr. Isaac Eoherts then showed on the screen a photograph of 
the region of Hind's variable nebula in Taurus. Mr. Roberts said 
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that Mr. Bumham, of the Lick Observatory, had examined this 
region with the 36-ft, refractor, and found a very small condensed 
nebula near where Mr. Hind's nebula was supposed to be. The 
photograph did not show any nebulosity, or nebula, or nebulous 
star anywhere about the region referred to, though the exposure 
extended during 3 hours, and therefore nebulosity of a very faint 
character should have appeared after such an exposure. He sug- 
gested that probably some rapid changes had taken place in the 
nebula seen by Mr. Burnham, otherwise it should have appeared 
on the photograph. The planet Neptune with its satellite were 
shown on the photograph, and though the satellite \^as so i'aint, 
its disc was a strong black spot on the film of the negative. 

Photographs of Neptune and its satellite were shown. In all 
16 photographs o£ the planet were taken between December 1890 
and February 1891, with exposure of the plates varying between 
1 5™ and 3 hours. The sateUite was shown upon 8 of the plates, 
and a diagram was projected on the screen to show the positions 
of the satellite with reference to the planet on those 8 days. The 
star number 699 zone 19° of the Durchmusterung, magnitude 
9*4, was partly covered by the planet on the 12th December, 1890, 
and the diagram showed the relative position of the planet, star, 
and satellite on that date. The photographs did not indicate the 
existence of any other satellite than the one discovered by the late 
Mr. Lassell. 

Mr, Roberts also showed a photograph of the cluster 44 M Cancri 
(the Praesepe). The photograph was taken on February 13, 
1 89 1, and the enlargement presented was intended as a chart of 
the stars between E.A. 8*" 30" and 8*" 38"", Declination north 
19° 19' to 21° 19', covering 4 square degrees of the sky. The ex- 
posure was given during 90*" in the 20-in. reflector. No nebulae 
were shown on the photograph. 

Mr, Plummer gave a short account of Prof, PritcharcCs paper on 
" Further Experiments regarding the Magnitude of Stars, as ob- 
tained by Photography at the Oxford University Observatory." 

Notwithstanding all that had passed at the Paris Congress, and 
before and since, there still seemed to be great doubt as to the 
time necessary to produce a satisfactory impression of the fainter 
stars. For instance, the Astronomer Koyal had, in a paper com- 
municated to the Society in March, proposed an exposure of 90 
seconds as sufficient to record an eleventh-magnitude star, while 
Prof. Pritchard bad stated in a paper sent to the French Congress 
that 200 seconds were necessary. Still greater difficulty existed 
in determining the proper time for the impression of a fourteenth 
magnitude. 

With a view to clearing up these discrepancies, a series of ex- 
periments had been made in the first place in the region occupied 
by Prof. Peters's charts, and again in the zone allotted to Oxford. 
In each case the stars impressed on the photographic plates were 
photometrically examined by the wedge, and the magnitudes accu- 
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ratelj determined. The result was that the previous conclusions 
to which Prof. Prit chard had been led were completely confirmed ; 
and therefore it must be accepted as a fact that a great difference 
in time did exist as necessary for the production of stars of a 
definite magnitude in various instruments. This difference, how- 
ever, did not affect the arrangements for the Congress, which pro- 
posed that each Observatory should determine for itself the time 
required to produce a definite black image of stars of the eleventh 
magnitude. In connection with this subject Prof. Pritchard offered 
to determine the magnitudes of a number of eleventh-magnitude 
stars as a supplement to the method suggested by the French 
Committee. 

With regard to the fourteenth magnitude. Prof. Pritchard de- 
scribed the means he had taken to ensure the production of such 
faint stars on his plates, and the difficulties encountered in accu- 
rately determining the magnitudes as photometrically conceived. 

It had been stated very definitely that an increase in the intensity 
of light was exactly equivalent to a proportionate diminution in the 
time of exposure. This proposition it was impossible to controvert, 
because we could not estimate the whole of the molecular action. 
But if the diameter of the star-image were accepted as a criterion 
of the amount of actinic action, then the law did not hold. Por 
since every magnitude differed from the next lower by two and a 
half times the light, it was evident that on a series of exposures 
being made for durations, each of which exceeded the one previous 
by 2^ times the amount, the diameter of the consecutive magni- 
tudes should be equal. Por instance, if with an exposure of 20 
seconds a star of the third magnitude had a diameter of 9", 
then on exposing for 50 seconds a star of the fourth mag- 
nitude should also have a diameter of 9", and on continuing the 
exposures 2| times this length each successive magnitude should 
have the same diameter. Prof. Pritchard show^ed that this law did 
not hold on his plates, and argued from this fact that it was unsafe 
to infer that a definite photometric magnitude must necessarily be 
impressed because the plate had been exposed over a certain time. 

The following papers were announced : — 

K, D, Naegamvala, " On the Character of the chief line in the 
Nebula in Orion.*' 

The Astronomer Royal. " On a new Dome at the Eoyal Obser- 
vatory, Greenwich." 

Isaac Boherts, " Photographs of the Eegion of Hind's Variable 
Nebula in Taurus." 

Isaac Roberts. " Photographs of Neptune and its SatelUte." 

Isaac Roberts. " Photograph of the Cluster 44 M Caucri (the 
Prsesepe)." 

Prof. C. Pritchard. " Further Experiments regarding the Mag- 
nitude of Stars as obtained by Photography at the Oxford Uni- 
versity Observatory." 
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Alfred Henry Fison, D,8c., University College, Gower Street, 
W.O. ; Thomas Gordon, 9 Scotch Street, Whitehaven ; George E, 
Hale, B,Sc,, 4545 Drexel Boulevard, Chicago, U.S.A., were duly 
elected Fellows of the Society. 

The following Candidate was proposed ^for election to the 
Society : — 

Oliver J. Lodge, D,Sc,, LL.D., F,R.S., 21 Waverley Boad, Liver- 
pool (proposed by G-. H. Darwin). 



BEITISH ASTEONOMICAL ASSOCIATION. 

The seventh ordinary Meeting of this Association was held in 
Barnard's Inn Hall, Holbom, on May 27, 1891, Dr. W. Huggins, 
Vice-President, in the Chair. 

The names of ten Candidates for admission were read and ordered 
for suspension, and twenty-four Members were duly elected. 

Dr. GiU then gave an account to the Meeting of the principal 
decision arrived at by the International Astrophotographic Com- 
mittee which met recently at Paris. One important result was, 
he said, the adoption of the reseau. Another was the decision as 
to the plates for the Catalogue. These plates were to each have 
two exposures, one long enough to give measurable images for 
stars of the nth magnitude, the other just half as long, yet suf- 
ficient to show stars of that magnitude, though faintly. This 
decision placed the Catalogue beyond dispute. Then came the 
plates for the Chart. These were to extend to the 14th mag. 
But instead of defining the 14th mag. an arrangement was adopted 
which would secure a uniform system for all the observatories. 
Then further the Catalogue plates were to be pushed on with, but 
the Chart plates were by no means to be neglected. The Con- 
ference had laid the bases of a system of sidereal astronomy, for 
which our descendants 200 or 300 years to come would give us the 
heartiest thanks. 

Dr. Gill then described the new equatorial coude of the Paris 
observatory, and the most ingenious extension by M. Corriu of the 
'* Cavendish experiment " for determining the density of the earth. 

He next referred to the recent work of the Potsdam Obser- 
vatory, and declared it as his opinion that it was not only possible 
but probable that with more powerful instruments the solar parallax 
might be independently determined from observations of the 
motions of stars in the line of sight. He had also visited Dr. 
Kapteyn at Groningen, who was measuring the plates Dr. Gill had 
taken at the Cape. Seventy per cent, of the work was already 
done, and probably by the end of the year the results would be 
ready in catalogue-form. 

The Eev. A. Freeman read a paper on an eclipse of Titan by 
Saturn. 
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Mr. Cottam read two papers by Mr. Keeler and Mr. Stanley 
"Williams on the Eed Spot of Jupiter, with reference to M. Niesten's 
observations published in the February number of the ' Journal.' 

Mr. Grreen spoke on the work proposed to be undertaken by the 
Saturn Section, of which he had been appointed Director ; and 
Mr. Maunder read a paper on Stars of the First and Second Types 
of Spectra, in which he argued that difference of type rather meant 
difference of constitution than difference of age, and that on the 
average the Solar stars appeared to be larger than the Sirian. 



MEETING OF THE EOYAL METEOEOLOGICAL 

SOCIETY. 

Wednesday, May 20, 1891. 
Mb. Baxdwin Latham, M.Inst.C.E., F.G.S., President, in the Chair. 

The following papers were read : — 

1. "On the Vertical Circulation of "^the Atmosphere in relation 
to the Formation of Storms," by Mr. W. A. Dines, B.A. Of two 
theoiies which have been suggested to account for the formation 
of storms — (i) the convection theory, that the central air rises in 
consequence of its greater relative warmth produced by the latent 
heat set free by condensation ; (2) the theory that storms are cir- 
cular eddies produced by the general motion of the atmosphere as 
a whole — the author prefers the convection theory, but he thinks 
that more information about the temperature of the upper air is 
greatly needed. 

2. " On Brocken Spectres in a London Fog," by Mr. A. W. 
Clayden, M.A. During the dense fogs in February last, the 
author made a number of experiments with the view of raising 
his own " spectre." This he ultimately succeeded in accomphshing 
by placing a steady limelight a few feet behind his head ; measure- 
ments and photographs of the spectre were secured. 

3. " An Account of the ' Leste,' or Hot Wind of Madeira," by 
Dr. H. Coupland Taylor. 

Mr. Shelford Bidwell, M.A., F.E.S., showed the effect of an 
electrical discharge upon the condensation of steam. The shadow 
of a small jet of steam cast upon a white wall is, under ordinary 
conditions, of feeble intensity and of a neutral tint ; if the steam 
is electrified, the density of the shadow is at once greatly increased 
and it assumes a peculiar orange-brown hue* The electrical dis- 
charge appears to promote coalescence of the exceedingly minute 
particles of water contained in the jet, thus forming drops large 
enough to obstruct the more refrangible rays of light. It is sug- 
gested that this experiment may help to explain the intense dark- 
ness, often tempered by a lurid yellow glow, which is characteristic 
of thunder-clouds. 
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Notes on Visits to some American Observatories, — III. 

[Continued from p. 192.] 

Foe greater facility in verifying variability, Prof. Pickering has 
devised and completed the preliminary tests of a new photographic 
photometric method, which promises to give excellent results on 
the wholesale scale by the use of a doublet. A small prism of 
very small angle is attached to a photographic doublet of short 
focal length and mounted equatoreally. The prism covers a very 
small fraction of the aperture of the doublet, and is intended to 
produce a small deviation with as little dispersion as may be. A 
photographic plate is set in position, and the arrangement is 
pointed to a star. In place of a single image o£ the star, two 
photographic images are got, separated by an interval depending 
on the focal length of the doublet and the deviating power of the 
prism — one small image due to the prism-covered part of the aper- 
ture, and one large image due to the uncovered part. Suppose 
stars Aq, Bq, Cq to be photographed — each main image, A, B, C, is 
accompanied by a companion a, b, c. It is easy to distinguish 
artificial companions from main images of other faint stars, and 
comparison may be instituted between, let us say, a ancj B and C, 
which from the nature of the stars may be a much more advan- 
tageous comparison for the detection of variability than a com- 
parison of A with B and C. For instance, suppose the relative 
brightnesses are represented by 990, 9, and 11, and that the 
i-elation between main image and companion is 99 : i, we have • 
then on the plate what we may represent thus : 

990 

9 10 11 

•09 '11 

the dark figures denoting main images, the light ones, to the south- 
east in each case, denoting the artificial companion. And it is 
clear that for detection of variability a comparison of plates 
containing 9, to, and 11 at different epochs is better than one 
between plates containing only 990, 9, and U, on account of 
the nature of the law connecting size of photographic image with 
star magnitude and exposure. One has all needful information 
for a given epoch on a given plate, and for this reason many 
objections that would present themselves at first sight, such as 
difference of diffraction pattern, and dispersion, seem to disappear. 
Here there is work for a cohort to attack, and who knows but that 
there is in store for it an incidental romance like that of the dis- 
covery of the duplicity (I do not refer to any moral obliquity) of 
/3 Aurigae ? To see the originals of many of the photographs of 
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this double and of many other interesting spectra, such as that of 
rj Argus, was another of the treats with which Prof. Pickering 
regaled me ; but I must not dwell on the interesting points still 
needing further elucidation in the case of the /3 Aurigae photo- 
graph. Nor must I attempt to warm my readers by an account 
of Niagara, which we visited aft;er leaving Boston, and found in 
all the majesty of perfect winter plumage. Whilst at Boston I 
made a day's excursion to Worcester, where Prof. E. Michelson, 
of the Clark University, most kindly showed me his beautiful 
experiments, in which he makes optical interference phenomena a 
powerful weapon wherewith to attack various questions of mole- 
cular physics and astronomical measurement. 

In vol. xxxix. of the Amer^ Journ. Sci. (1890), and in the 
' Philosopliical Magazine,' vols. xxx. (1890) and xxxi. (1891, 
April number), are three papers by Prof. Michelson on the 
subject, and they will be found to repay careful study. In the 
second paper he writes : — " The simplest way of effecting this [the 
conversion of a telescope into a refractometer and consequent in- 
crease of accuracy ten or even fifty fold] is to provide the cap of 
the objective with two slits adjustable in width and distance apart. 
If such a combination be focussed on a star, then, instead of an 
image of the star, there will be a series of coloured interference- 
bands with white centre, the bands being arranged at equal dis- 
tances apart and parallel to the two slits. The position of the 
central white fringe can be marked from ten to fifty times as accu- 
rately as can the centre of the telescopic image of the star. One 
of the most promising applications of the method is the measure- 
ment of the angular magnitudes of small sources of light." If the 
angular magnitude as seen from the objective is equal to 

wave-length of source considered ho mogeneous 
separation of the slits 

the fringes disappear, according to the usual statement. With a 
given source, as the separation of the slits increases from nothing, 
the fringes pass through maxima and minima of distinctness — the 
result of the fact that in the focal plane of the objective we have 
to deal with the effect of the superposition of the interference 
patterns due to each element of the source, account being taken of 
the distribution of light on the source. 

Before we can measure the diameter of a source a knowledge 
of the distribution of light over it is necessary. But the mere exist- 
ence of maxima and minima of distinctness which might be detected 
in observing a star would at any rate show that the star subtended 
an angle greater than that subtended by the wave-length of light 
at a dSstance less than the diameter of the objective. At Harvard 
experiments are being undertaken at Prof. Michelson's request to 
test the question. 

Allegheny was the next point to which astronomical interests 
took me, and here I spent a few hours enjoying the kindness of 
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Mr. Brashear, in whose workshops I saw great activity and some 
beautiful optical work. He has on the stocks several spectroscopes 
for large instruments, notably one for Prof. Toung, who demands 
all imaginable conveniences suggested by his experience ; whilst 
Mr. Brashear realizes them with all the zest of an enthusiast. 

Mr. Very kindly showed me the observatory where so much of 
Prof. Langley's work was done : one feels there that the bird is 
flown, and it is to be hoped that at the Smithsonian Institute at 
Washington the press of executive work, which falls on Prof. 
Langley as director, will not completely absorb energy that could 
so well find other outlets. The wooden buildings behind the 
Institute already contain many engines of war, notably the splendid 
heliostat of Grubb's construction and the stand for the bolometer. 

Leaving Allegheny early in the morning, we travelled over the 
very finely engineered line crossing the Allegheny Mountains, and 
reached Princeton in the evening. Prof. Young had not hesi- 
tated to put off an engagement on my account, a kindness for 
which I am still conscience-stricken but very grateful. We spent 
some time in the Halstead Observatory ; it was again my good 
fortune to have a very fair observing night, and we turned the 23" 
on to the Orion Nebula, to Aldebaran and his companions, Neptune 
and his satellite, 32 Orionis, and some other objects, more than 
enough to give one an idea of the excellence of the glass. The lenses 
of the objective are separated by a considerable interval, the flint 
being of appreciably smaller aperture than the crown, the combina- 
tion having an effective aperture of 23". The spectroscope, when 
not in use, is kept in a sliding framework, by means of which the 
attachment to the telescope is faciHtated, a matter of considerable 
importance when the telescope is used for varied purposes. 

From Princeton we travelled with Prof. Young to New York, 
enjoying much the opportunity of some talk on astronomical ques- 
tions. In speaking of solar observations and the difficulties arising 
from unequal heating of the air in the tube of the telescope, about 
which I had asked him, Prof. Young mentioned the interesting 
fact that he had frequently noticed that on throwing the telescope 
from one side of the pillar to the other the observing was bad for 
ten or fifteen minutes. Lord Rayleigh has dealt with the disturb- 
ance to definition arising from temperature differences, and calcu- 
lates that a difference of 1° C. in a stratum of air occupying a 
moderate fraction of the total volume in a horizontal tube will 
produce a not insensible effect on definition when the length of the 
tube and stratum is 1 2 centimetres ; the difference of temperature 
producing a given disturbance varying inversely with the length, 
difficulties are magnified in large instruments. 

Our plans led us again to pass through New York without stay- 
ing there, and this time passed by day, plunging into the stream of 
humanity that pours up the stairs leading to the overhead railways ; 
and so we reached Newhaven. 

We found Yale in a state of festivity, which reminded us of our . 
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May week, not least in the matter of weather. Here we spent a 
couple of days, and Dr. Elkin showed me the heliometer with 
which he has made his well-known measurements for the deter- 
mination of stellar parallax. The weather had changed and the 
thaw set in with storms of rain and steaming moisture, and I still 
think with some disquietude of the dripping condition of that fine 
instrument which Dr. Elkin has embellished with so many con- 
venient devices of lighting and automatic reading, in addition to 
those with which it abounded. This is, I believe, the only helio- 
meter at present in the United States. The splendid use which 
Dr. Elkin has made of it makes one wish that he would devise 
some method of obtaining wholesale measurements ; but I think 
that even he would doubt the feasibility of a heliometer-doublet. 
Prof. JSTewton, with whom Dr. Elkin made me acquainted, extends 
his investigations of meteorites in all directions, even into mediaeval 
paintings, for he has studied the Fireball in RaphaeVs " Madonna 
di Foligno," and into remoter antiquity, for he has his eye upon 
the huge stones in Q-reek temples supposed to have been of meteoric 
origin ; and his collections of small meteorites — one lot of nearly 
three hundred collected from a very small area in Dacota — ^are 
peculiarly interesting. 

I have passed the bounds that I had imposed upon myself for 
my notes, and I must hesitate before giving my Hungry Editor an 
indigestion — the food has been too simple for any fear of gout ; 
but I cannot conclude without saying that, though I hope I have 
pictured something of the kind of interest and pleasure we have 
derived from our visit to America, I can do little to convey any 
idea of the many memories of kindest hospitality and of courteous 
thoughtfulness in helping a hurrying traveller to attain the object 
of his visit. H. F. New all. 



^^ Smithsonian " Astro-Physical Observatory. 

The Smithsonian Institution has established as one of its depart- 
ments a Physical Observatory which, with the instruments, has 
been supplied from the Smithsonian fund. It occupies at present 
a temporary structure, though funds have been subscribed for a 
permanent building when Congress shall provide a suitable site. 
For the maintenance of the Observatory an appropriation has been 
made by Congress which wiU become available on the ist of July 
1 891. The actual instrumental work of the new Observatory will 
necessarily devolve largely upon a Senior and a Junior Assistant, 
who have not yet been appointed, who can devote their entire 
time to research, and it is hoped that with the improved apparatus 
it will be possible to prosecute advantageously investigations in 
Telluric and Astro-physics, and particularly those with the bolo- 
meter in radiant energy. 
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In accepting the position of Assistant Secretary of the Smith- 
sonian Institution in 1887, Mr. Langley retained the Directorsliip 
of the Observatory at Allegheny for the purpose of completing the 
researches begun there ; and after his appointment as Secretary of 
the Institution, he still continued the titular Directorship, though 
but a limited amount of time could be spared from his official duties 
at the Capital. With the completion of the equipment of the little 
Observatory at Washington, he, however, formally resigned, on 
April 30th, 1 89 1, the Directorship of Allegheny which he had 
held since 1867, and he will, so far as his administrative occupations 
permit, give personal attention to the general directions of the 
investigations. 

The class of work which is referred to does not ordinarily involve 
the use of the telescope, and that which is contemplated is quite 
distinct from what is carried on at present at any other Observatory 
in the United States. The work for which the older Q-overnment 
Observatories at Greenwich, Paris, Berlin, and Washington were 
founded, and in which they are now chiefly engaged, is the deter- 
mination of relative positions of heavenly bodies and our own place 
with reference to them. Within the past twenty years all these 
Governments, except that of the United States, have established 
Astro-Physical Observatories, as they are called, which are, as is 
well known, engaged in the study of the heavenly bodies as distinct 
from their positions ; in determining, for instance, not where, but 
what the Sun is, how it affects terrestrial climate and life, and how 
it may best be studied for the purposes of the meteorologist, and 
for other uses of an immediately practical nature. 

The new Observatory is established for similar purposes. Its 
outfit includes a very large Siderostat (recently completed by Q-rubb), 
which is mounted in such a way as to throw a beam of light hori- 
zontally in the meridian. It is intended to carry a mirror of 20 
inches diameter, and is, perhaps, the most massive and powerful 
instrument of its kind ever constructed. Within the dark room 
is mounted another large instrument, the spectrobolometer, which 
is, in effect, a large spectroscope with 20-inch circle reading to 5", 
specially designed for use with the bolometer. It was made by 
William Grunow & Son, of New York, as the outcome of Mr. 
Langley's experience with smaller apparatus during his earlier 
investigations. The most important part of the instrumental 
equipment is completed by specially designed galvanometer-scales 
and a peculiar resistance-box ; and these three instruments used 
in conjunction with the bolometer, and perhaps with the aid of 
photography, will be employed in the investigations upon light, 
heat, and radiant energy in general, for which the Observatory is 
primarily intended, though some departments of terrestrial physics 
may also receive attention. 
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A Papal Brief on Astronomy. 

In the interesting editorial article in the May number of the 
* Observatory ' entitled " The Astrophotographic Chart," reference 
was made to the munificence of His Holiness Leo XIII. in founding 
an observatory at the Vatican, and endowing it especially as one of 
the associated observatories for the furtherance of the work of the 
photographic map. The document by which the Holy Father 
signifies his good pleasure in this regard is sufficiently important to 
merit a more detailed notice. It is proposed therefore to give a 
digest of the brief, adding a few explanatory notes, and translating 
the passages of greatest moment. The brief bears the title " Of 
the Ee-establishment and Extension of the Vatican Observatory." 
It opens by rebutting the charge, sometimes made by the ignorant 
and ill-affected, that the Catholic Church is an enemy to the 
progress of science. The Supreme Pontiff recalls the services of 
the Church not only as regards the sacred sciences, but also in the 
matter of the philosophical, moral, and social sciences. " Nor has 
She been neglectful of those sciences which have as their aim the 
study of nature and its forces." This She has done by founding 
schools and museums, and by rewarding and encouragiug such of 
Her children as have been distinguished in their pursuit. His 
Holiness proceeds : — " In the first rank of these sciences shines 
astronomy, the object of its investigations being the stars, which, 
more than any other inanimate objects, recount the glory of G-od 
.... Now the Sovereign Pontiffs have an especial motive for 
favouring the progress of this science and for encouraging those 
who devote thenselves to it, in the fact that by its means alone can 
those days be determined with certainty which have been set aside 
for the celebration of the greatest and most religious ceremonies of 
the mysteries of Jesus Christ." 

The next few paragraphs are historical and contain some inter- 
esting details. They record that, in order to carry out the reform 
of the Calendar insisted upon by the Council of Trent, Pope 
Gregory XIII. constructed a tower in the Vatican to be used as an 
observatory. In this tower a round marble table was erected, upon 
which Ignatius Danti of Perugia drew a meridian line. The table 
was Hkewise engraved with astronomical signs, and served as a 
sun-dial. The tower having fallen into disuse was under the 
pontificate of Pius VI. at the end of the last century restored to 
its original purpose. "Then by the zealous care of PhiUp Gili, a 
Eoman prelate, other observing-rooms were added for researches 
on the magnetic current, the weather, and the life of plants." This 
observer dying in 1821, the observatory of the Gregorian Tower 
was for the second time alienated from its proper purpose. But 
Leo XII. in his Apostolical Letters entitled " Quod divina 
sapientia,'' again made dispositions concerning the taking and the 
publication of astronomical observations. Other sites, however, 
were preferred to the Vatican, on account of the horizon of the 
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latter place being impeded by the dome of St. Peter's. The reference 
is doubtless to the restoration of the Eoman College and its 
obserratory to the Fathers of the Society of Jesus in 1S24. This 
observatory, in which Clavius observed Tycho's star in Cassiopeia 
^^^ 1572, had been the scene of the labours among others of the 
Fathers Scheiner, de G-ottingues, Asclepi, Borgondij Maire, and 
3oscovich. After its restoration it was directed by JFathers 
E> umouchel, Di Vico, and Secchi. On the death of the last-named' 
1^^ 1878, it was together with its instruments, the gifts of Popes/ 
Gr^nerals of the Society, and other generous benefactors, appro-' 
piriated by the Italian G-overnment. It was their good fortune to 
and such a distinguished observer as Signer Tacchini to carry on 
tbo work of the institution. Leo XII. also added to the University 
of Rome the observatory of the Capitol, and he entrusted it to the 
cHarge of J. CalandreUi. Pius iX. appointed Eespighi as its 
<iix^ctor, who held the post until his death. 

-But to return to the present brief. The Pope proceeds :^** But 
*^ter these places with the rest of the city had falleninto the power 
^f the stranger. We received, amongst many other presents on the 
P^casion of the fiftieth anniversary of our priesthood, several 
ixxstruments of perfect construction for the use of learned men who 
sj-r'e devoted to celestial, atmospheric, and terrestrial observations. 
-^^^u most experienced in physical sciences considered that there 
^^^ 110 place more fitted for their reception than that very sama 
^'^oicli Gregory XIII. seemed to have prepared for them in the 
palace of the Vatican." In the next paragraph he states that he. 
^^^ given orders that the observatory should be "provided and 
^Urri^igjied with all things necessary, not only for astronomical 
^^^dies, but likewise for physical researches, and for the knowledge 
^*^ atmospheric phenomena." In order the better to secure a frea 
*^^i*izoQ he commands that an annexe to the observatory should be* 
Established in the Leonine Fort which surmounts the Vatican hill. • 



, * We have given orders for the installation in this place of the 
^**^e optical instrument which is called an equatorial, and which is 
^^iX55tructed for the purpose of receiving the photographic images- 
^*^ the stars. To this end, We have chosen competent and experi- 
*^^<^d men, capable of carrying out all that is required for the 
, ^^oinplishment of this enterprise, and We have placed at their 
5,^^d a person well versed in matters astronomical and physical,- 
"S/^ther Francis Denza, of the clerks regular of St. Paul, called 
ff^^^nabites. Trusting to their skill. We have willingly consented 
u^^ the observatory of the Vatican should be associated to, and 
^aoxild enter into joint labours with, the other distinguished insti- 
tutions established for the progress of astronomical science, which 
^^Ve been charged with the care of drawing up photographic tables, 
^^tiichwill permit of the construction of a perfect picture of th^t 
^^tire heavens with the multitude of stars which cover it." 

Ihe next paragraph states that in order that the work may be 
^^ a permanent character a committee has been chosen, and a con- 

r2 



228 Papal Brief on Astronomy, [No. 17 

stitntioii drawn up for their guidance, which are ''hy these presen 
solemnly confirmed, and it is Our wish that this estahhshmei^^-?/ 
should hold the same rank as the other Pontifidal institutions so?/ 
aside for the cultivation of science." Moreover, a capital sum is 
allotted the interest on which will suffice for its maintenance and 
preservation in a befitting manner. *' But for its prosperity in 
the future We rely more on the favour and help of Almighty Qt)d 
than upon human precautions ; for in this undertaking We luive in 
view not only the progress of a noble science, which more than any 
other human study raises the mind of man to the contemplation of 
heavenly things ; but We have above all set before Ourselves that 
which has ever been from the beginning (of Our Pontificate) the 
object of Our concern and the aim of Our efforts, to show to all 
men, on every occasion that presents itself, both by Our words, by 
Our writings, and by Our deeds, that the Church and Her pastors, 
as We have* said at the beginning (of this brief), far from hating 
true and solid science, as well in things human as in things divine, 
favour, protect, and actively help its progress with all their 
power." 

" Wherefore We will that whatsoever We have ordained and 
decreed by these present Letters shall remain ratified and confirmed 
in the future, as they are at present, and We declare null and 
void all that may be done to the contrary, by anyone whatsoever. 
And this all to the contrary notwithstanding. 

" Given at St. Peter's in Rome^ the 14th day of March 1891, the 
year XIV. of Our Pontificate.— Leo Xin. Pope." 

It will have been noticed how anxious the Holy Father is that 
the present observatory should be established on a firm and 
permanent basis. To ensure this still more he has affixed to the 
title of the present letter the clause *' motu proprio." A few remarks 
on the force of these words when they occur in the superscription 
of a Papal brief may not be out of place here. Their technical 
meaning in a court of canon law is that the Pope was not moved 
in the granting of a favour, for example a benefice, by the instances 
or petitions of any person, even in the case when such instances 
preceded the issue of the brief, but that it emanates from his own 
spontaneous action. The force of the additive clause is this, that 
the brief which bears it cannot as a rule, for there are three ex- 
ceptions not necessary to specify here, be impugned in the law 
courts on the score of " subreption," which is a concealing of the 
truth, or the omission of any formality required to be expressed 
therein. It could, however, be quashed on the score of " obreption " 
should it set forth what is evidently false. We can only conclude 
with the wish that the hopes of the Holy Father may not be frus- 
trated, and that the observatory of the Vatican founded by his 
munificence may enter on a long and prosperous career. 

A. L. CJORTIB. 
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Comparative Bxcentricilies Illustrated GrapMeaUy, 

h we constract a diagram in which the axis of x is taken aa the 

"ang of excontricity," and that of 1/ as the " axia o£ nnmber of 

orbttfl," we may Uiustrato graphically the diatribution of orbita as 

respects the different ntgiooa of exceatridty. In the aceompoiung 

figure anch a representation is made for the binary, plooetaiy, md 

Gometary orbita. The binary curve is constructed from a t«ile of 

tfj orbita — all that have been computed. The mean exeentricily 

is 0-45, and the diagram shows that the or1:ats ara symnetrieaUy 

diatributed, and nearly in a probability carve. 




Alia of excentriuity. 
Oabede/ffhif = Curve oF diaCribution of the orbita of aUllar Bjltanu, 

Oa' b' n' d' = Curve of diBtribution for tlie planetary ayrtsnk, 
^' ^ f ^ b'i f k = Curve of oometaij orbital diatribntian. 

The orbits c& the great planets and their satelUtea are nearly 
circular, the mean excentricity being less than 0/0^% or about VM 
iMidfth of the binary mean. 
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The cometarj orbits, on the other hand, are nearly parabolic. 
Owing to the great number of cometary orbits the piarabolic 
ordinate of the curve is drawn on a somewhat reduced scale ; and 
as the hyperbolic orbits are somewhat doubtful, only the probable 
nature of that branch of the curve has been indicated. 

Accordingly, in the diagram we see at a glance the curves of distri- 
bution (as respects excentiicity) of the three great classes or species 
of cosmical orbits. This graphical illustration may be regarded as 
an emphatic indication . that the stellar systems are the products 
of a general process of nebular evolution, and not the results of 
fortuitous approximations, as are the Comets which have entered 
the sphere of attraction of the Sun. T. J. J. See. 

University, Berlin, 1891, May 18. 



Selenographical Notes, 

Janssen. — This large irregular walled-plain is familiar to most 
telescopists mainly on account of the prominent rill-like valley 
traversing it from north to south, a feature which, under a low Sun, 
may be seen with as small an aperture as 2 inches, while with 
greater magnification it is one of the most noteworthy objects of 
its class on the lunar surface. The observer whose scrutiny of the 
formation has been principally confined to an occasional view of 
this curious valley, is aghast when he turns to Schmidt's XJhart, 
Sect. 24, and sees the intricate detail shown both within this great 
enclosure and in its neighbourhood, contrasting in this respect so 
strongly with Madler's representation, and still more so with that 
of Neison. There are possibly still some who may be inclined to 
question whether in this and other instances the crowd of crater- 
lets large and small, the great assemblage of ridges, hills, and other 
minuter features, all have an actnal -existence, especially as not a 
tithe of them can, as a rule, be traced on any one given night, even 
under the best conditions. "When the map was published, it must 
be confessed that I was among the doubters ; but subsequent 
experience has tended year by year to increase one's admiration of 
this noble achievement, and to show that this scepticism was due 
to the lack of that well-nigh exhaustive acquaintance with most of 
the lunar formations which Schmidt had acquired during long 
years of patient observation. It must, nevertheless, be admitted 
that with all its marvellous accuracy and fullness of detail, it is 
very unequal, displays some most unaccountable omissions, and is 
usually far from satisfactory in the portrayal of ridges and central 
mountains. As regards the latter features, however, it is pretty 
certain that its imperfections must be attributed to a coarse style 
of reproduction, for which the author was not responsible. To 
return to the drawing of Janssen : Schmidt shows the great rill- 
like valley as commencing at a deep hole or depression under the 
south wall of Fabricius, and following, with its width undiminished. 
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a slightly curved course (the convexity being turned towards the 
east) to a group of hills situated about midway between this 
formation and the southern limits of the enclosure. South of 
the central hills the valley, becoming much narrower, seems to 
differ in no essential particular from a true rill. At a point a 
little south of the central hills a second cleft (Neison's tf) branches 
from the west side of the valley and runs up to the foot of the 
south-west border of Janssen, where it terminates at a small deep 
pit. On April 13, 1891, S*' to 9**, these features were well seen, 
and, in addition, two other distinct clefts not shown in the maps. 
The first, commencing at an isolated mountain a little east of the 
point of junction of 9 with the great valley, runs nearly parallel 
to the latter up to the foot of the southern wall of Janssen ; the 
second, originating at this end of the first, runs for some distance 
at the foot of the border, passes the southern termination of the 
great valley, and then, runniDg obliquely up the inner slope of the 
wall, terminates about midway between the top and bottom of this 
declivity at a bright oval mountain. These clefts were steadily 
seen with powers 284 and 350 on my 8^-in. Calver, and were 
traced nearly as distinctly, under a much higher angle of illumina- 
tion, on April 1 5, 8*^ 30™. On the east side of Fabricius, in the 
rugged region between this formation and the border of Janssen, 
are two curious long linear markings which cross each other near 
their eastern extremities. One appears to agree as regards 
position with part of a narrow valley drawn by Schmidt, the 
other is not shown. Both seem to be coarse clefts or very narrow 
depressions between parallel longitudinal ridges. Only a central 
peak is shown in the interior of Lockyer by Madler and Neison, 
while Schmidt draws a peak on the north-east side of the floor 
and two small craters on the opposite side. On April 15th this 
peak was obvious, and in addition, a crater, much larger than either 
of those shown by Schmidt, was noted on the floor at the foot of 
the south-west wall. No trace of the other could be detected. 
Careful sketches are much needed of that very remarkable forma- 
tion Eabricius, and its companions on the north and west, Metius 
and Fabricius a. The first, in addition to a somewhat complicated 
terraced western border, has an inner concentric wall like Tarun- 
tius, the eastern section of which appears at certain phases of 
illumination to be associated with the eastern wall of Metius. 

Selenogeaphioal Studies by M. Vicjtoe Nielsen op Copen- 
hagen. — Seven carefully executed drawings, accompanied by 
descriptive notes, have been received from this observer relating, 
I and 2, to Agrippa ; No. 3, to Plinius ; No. 4, to Hyginus ; and 
Nos. 5, 6, and 7 to the Triesnecker rill-system. They have been 
well reproduced in the March number of the * Journal of the 
British Astronomical Association.' With respect to the dark line 
noted as crossing the wall-enclosed plain west of Agrippa, it is 
probably either a fault or the shadow of a ridge and not a cleft. 
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I have observed it many times, but have never been able to see 
any indications of an opening in the surface. The two crater-like 
depressions on the central mountain of Plinius, observed by Prof. 
Thury and subsequently by M. Nielsen, were seen simultaneously 
by M. Gaudibert and myself on January 25, 1882, and a sketch of 
the formation from my drawing published in the ' English 
Mechanic' the following week. The curious depression in the 
inner slope of the eastern wall of Plinius is well shown by M. 
Nielsen, as is also the crater on the south border. Two craterlets, 
on the northern quarter of the floor, usually conspicuous under a 
low Sun, seem to have escaped notice. The white central point 
within Hyginus, observed 1890, Jan. 28, 7** 15", doubtless re- 
presents part of the raised border of the cleft which traverses the 
floor. M. Nielsen's observations were made with a 6^-inch achro- 
matic by Eeinf elder and Hertel of Munich. 

Beaumont House, Shakespeare Eoad, Thos. Qwyn Elgee. 

Bedford, 1891, May 19. 



CORRESPONDENCE. 

To the Editors of ' The Ohservatm^if,^ 

La Carte du CieL 

Messieurs les £diteues, — 

La notice que vous venez de publier dans V Observatory, au 
sujet de ma proposition k la derniere reunion du Comite de la 
Carte du Ciel, sur Tordre dans lequel on pourrait faire les deux 
series des cliches, semble faire supposer que j'attache plus d'im- 
portance au catalogue qu'a la carte du ciel. 

Quand vous aurez lu les Proc^s-verbaux des Seances, mal- 
heureusement un peu retardes par la necessite d'attendre les 
epreuves corrigees de Tetranger, vous verrez que c'est une idee 
toute contraire qui a dicte ma proposition. Attach aiit beaucoup 
plus d'importance k la carte du ciel qu'au catalogue, parce qu'elle 
contiendra trois grandeurs d'etoiles de plus, je proposals de la faire 
separement avec tout le soin qu'elle exigera, apres qu'on se serait 
debarrasse dii catalogue en un an ou deux de travail, et que les 
astronomes auraient acquis une ^ande experience des precedes de 
photographie stellaire en faisant cette premiere serie, plus facile a 
obtenir d'ailleurs que la seconde ; de plus on pouvait esperer que 
ce retard permettrait peut-etre d'utiliser encore quelque nouveau 
progres dans les precedes photographiques. 

Lie temps total exige pour I'execution des 2 series de cliches sera 
k peu pres le m§me qu on les fasse separement ou ensemble. On 
ne retardait done nullement la terminaison de la carte du ciel en 
la faisant apres le catalogue ; seulement on aurait pu alors la faire 
^vec plus de soin et de succ^s. Mais, d^s que j'ai compris que cela 
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soulevait quelques doiites et que I'on pouvait supposer compromise 
Texecution de la carte du ciel, je me suis empresse de retirer ma 
proposition. 

Je puis bien vous avouer d'ailleurs que j'ai ete quelque peu 
contrarie, au congr^s de 1887, quand j'ai vu emettre le voeu, bien 
inattendu pour moi, de faire 2 series de cliches ; je craignais de voir 
compromettre ainsi la seconde serie de la carte du ciel, qui dans 
ma pensee devait pouvoir satisfaire k tous les besoins, meme d'un 
catalogue ; et ce o'est que sur Tavis des astronomes les plus com- 
petents que j'ai vote en faveur de cette nouvelle serie, pensant 
qu'il J avait grand interet k ce que toutes nos decisions fussent 
prises k I'unanimite. Votre bien devoue, 

Observatoire de Paris, Amiral E. MOUOHEZ. 

13 mai, 1 89 1. 

The Radiant of the August Perseids, 

Gentlemen, — 

My observations of the Perseids and of the displacement 
in their radiant-point were made entirely free from theoretical 
bias, for at the time the meteors were recorded and their centres 
of radiation determined, I gave the matter no thought as to the 
direction or the rate in which the radiant should be moving. The 
facts observed were noted apart from any considerations as to 
the requirements of theory. 

Let us now see how the data obtained in this independent manner 
agree with mathematical views. Mr. J. Kleiber, of the Imperial 
Observatory, St. Petersburg, has just written a large and elaborate 
work " On the Determination of Orbits of Meteor-streams," and 
on page 328 he says if a meteor-shower constitutes a ring (ellipse) 
having a definite orbit in space then the elements i and tt — ft are 
constant for all parts of the ring. " This gives a very simple and 
elegant rule for the displacement of the radiant-point of a 
meteoric ring, viz. the latitude of the apparent radiant remains 
constant; longitude increases proportionately to time, but the 
quantities 0— long, and lat. are constant for every radiant." 

The radiants 1 derived from Perseid showers during the long 
activity of that stream precisely fulfil the conditions required. 
Mr. Kleiber himself is led to remark that his computations 
" confirm the shifting of the radiant of the Perseids during 
the six weeks of the activity of the shower as observed by 
Mr. Denning. A glance at the orbits corresponding to all the 
radiants related by Mr. Denning to the Perseid shower will show 
their identity at once " (* Monthly Notices,' April 1891, p. 407). 

The virtual coincidence of my adopted Perseid radiants with 
the direction and rate of motion which the wide elliptical stream 
of Perseids must really show can only be referred to actual 
identity of the phenomena. It is satisfactory to note the agree- 
ment and to have this assurance of the accuracy of observation. 
More evidence is certainly required as to the character and 
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position of the display during the second week in July and third 
week in August. In the present year moonlight will partly 
interfere at these times, but from about July 28 to August 14 the 
shower may be watched during the mterval of its greatest activity 
and the observer will do well to note the displacement of the 
radiant from night to night. He will probably find evidence 
of several minor showers in Cassiopeia near h and ^, and in 
Perseus near a-j3, 6 and /z, but the great stream of Perseids has 
an individual character due to the remarkable abundance of its 
meteors and to the easterly motion of the radiant-point. 

Yours faithfully, 
Bristol, 1891, May 15. W. F. Denning. 



Mr, Stockwell and Historical Eclipses. 

Gentlemen, — 

In No. 240 of the ' Astronomical Journal,' Mr. Stockwell 
returns to the subject of historical eclipses. I have nothing to 
add to the remarks which you have already kindly inserted from 
me with regard to those which took place before the Christian era, 
except that it appears to me that the authors of ' L'Art de verifier 
les Dates ' have satisfactorily proved from Censorinus that the first 
year of the first Olympiad corresponded with b.o. 776, so that in 
later times the years in which the Olympic festival was observed 
preceded the bissextile years of the Julian calendar. It is well 
known (and this may account for the passage in Julius African us 
referred to by Mr. Stockwell) that a mistake was made after 
Caesar's reformation of the calender in the observance of his rule, 
which was rectified by Augustus 36 years after its establishment. 
There seems no doubt that Csesar arranged that the first year after 
his reformation (when the Julian style came into force) should have 
the intercalary day or be a leap-year, that year corresponding to 
what we call b.o. 45, the year after which Caesar was assassinated. 

But the principal point to which on the present occasion I wish 
to allude is Mr. StockwelFs contention that, chiefly on the ground 
of some recorded eclipses, it is necessary to alter the received 
dates of Eoman history for a considerable time before and after 
the Christian era, and take the events as having happened one 
year earher than is generally supposed in our chronology. I will 
show seriatim why I cannot accept his view : — 

I . Mr, Stockwell contends that the death of Augustus occurred 
in A.D. 13, not 14, because an eclipse of the Moon is recorded by 
Tacitus to have taken place during an insurrection shortly after- 
wards of the troops in Pannonia, and he thinks this must have 
been the echpse of October 7, a.J). 13, rather than of September 27, 
A.n. 14, chiefly because the latter took place in the second and the 
former in the first half of the night. I must confess the passage 
in Tacitus seems to me (as apparently it also did to Dean Meri- 
vale) to be most consistent with an eclipse the greatest darkness 
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of which was late in the night or even towards morning ; and 
when we also consider that the eclipse of October 7, a.d. 13, was 
a small partial, and that of September 27, a.d. 14, a total one, the 
latter would seem far more probably to be the one alluded to. 

2. Mr. Stockwell adduces two eclipses (one of the Sun, the 
other of the Moon) related to have occurred within fifteen days of 
each other early in the reign of Vespasian. They are recorded, 
he says, by Pliny the Younger ; but this is a lapsus plumce for 
Pliny the Elder, as the account is in his 'Nat. Hist.' ii. 10. That 
Mr. Stockwell is right in considering the two eclipses to be those 
of the Moon on March 4 and of the Sun on March 20, in the year 
A.D. 71, 1 have no doubt whatever. But it is impossible to con- 
clude that this was in the third year of Vespasian's reign. Pliny 
gives the consulates, and there is much doubt as to what the true 
reading of the passage is. If he means the third consulate of 
Vespasian (as seems most likely), that would be the year a.d. 71 
and the first year of the emperor's reign. There seems therefore 
to be no ground whatever here for altering the received date. 

3. Finally, Mr. Stockwell brings forward another argument not 
derived from eclipses, in which he has apparently fallen into an 
inadvertence. When Caesar was making his last campaign in 
Spain against the sons of Pompey, a battle was fought at Soritia 
on the third day before the nones of March (i, e, on Mar. 5). 
Caesar immediately afterwards pursued the enemy and commenced 
his march, Mr. Stockwell says, before the Moon rose about mid- 
night. Now as in B.C. 45 (the received date of this event) the 
Moon was New on March i, she could not have reached her 
first quarter on March 5, and must have risen in the daytime ; 
hence he proposes to alter the date to B.C. 46, when the Moon 
would have been New on Mar. 12. But besides that Mr. Stock- 
well appears here to have forgotten the confusion in the Eoman 
calendar at the epoch in question. He seems also to have mis- 
understood the unknown author of the book 'De Bello His- 
paniensi' in loco, c. 27. For the passage runs thus: — "Caesar 
priusquem eodem est profectus, luna hora circiter VI visa est." 
The writer thought it a remarkable thing that the Moon was 
seen distinctly in the middle of the day, and the circumstance 
shows that she was in about her first quarter at the time. 

Yours faithfully, 

Blackheath, 1891, May 8. W. T.'Lyijn. 

P.S. — Since the above was written, another number of the 
' Astronomical Journal ' has appeared, in which Mr. Stockwell has 
a short paper on the eclipse of the Moon on the night preceding 
the battle of Pydna. He contends that this event occurred four 
years before the date (b.o. 168) usually accepted for it, on the 
strength of a lunar eclipse which took place on September 3, 
B.C. 172. But the account in Livy (lib. xliv.) shows clearly that 
the eclipse on the eve of the battle occurred in the early part of 
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the night, which was not the cuse with that just mentioned ; anc 
there can be little doubt that the ordinary date is correct and th< 
eclipse that of June 21, B.C. 168. — W. T. L. 

Signs — and Wonders. 
Gentlbmbn, — 

For the nth time I would enter my protest against th 
misuse of the symbol " for inches, of which Mr. Newall is guilt 
in his very interesting " Notes on Visits to some American Obsei 
vatories," in your number for this month. The signs °, ', and 
have a perfectly definite signification and equally definite conno 
tation ; and it can only tend to a slipshod method of thought an 
to inaccuracy, to attach any other meaning whatever to them tha 
that of degrees, minutes, and seconds of are. " ought not even t 
be employed to signify seconds of time. If there be any excus 
for a carpenter making " stand for inches (which is, to say th 
least, doubtful), assuredly there can be none for an astronome 
doing so. It would be just as legitimate to employ £^ s, and d t 
stand for hundredweights, quarters, and pounds. 

Faithfully yours, 

Forest Lodge, Maresfield, WlLUAM NoBLE. 

Uokfield, 1 891, May 4. 

The Red Spot on Jupiter. 
Gentlemen, — 

Observers of Jupiter will be pleased to learn that the olc 
red spot has now regained much of the prominence and depth o 
colouring which it possessed in 1879 ^^^ subsequent years, am 
which caused it to form at that time such a Fplendid and attractive 
feature. I have observed it on several occasions lately v\ ith m; 
6|-in. Calver reflector, and it has always appeared very conspi 
cuous and striking, even when seen under unfavourable conditions 
The following transits have been obser\'ed here : — 

1891, May 2, i6»^ 28°^-5 G.M.T. 
14, 16 23 '5 

So that the spot may be expected on the central meridian of th( 
planet's disc about 4" after the times given in Mr. Marth's Ephe- 
meris in the * Monthly Notices.' 

It is perhaps worth noting that the present increased plainnes: 
of the spot occurs about 1 2 years (or the period of one revolutior 
of the planet round the Sun) after it first attracted universal notice 
in 1879. Yours faithfully, 

Burgess Hill, 1891, May 21. A. STANLEY * WiLLIAMS. 

Observing Occultations. 
Gentlemen, — 

I was much interested in Capt. Noble's letter in the Ma) 
number of the * Observatory,' as the device, which he there de- 
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scribes as useful in the observation of oecultations, is one which I 
have been accustomed to employ, in a somevi^hat modified form, with 
very great success. It has been my custom to place the star, before 
immersion, near the intersection of the thread placed parallel with 
the equator, with the thread at right angles thereto, or, so to speak, 
in the angle formed by the thread. If the instrument is in good 
adjustment and the driving clock running fair, one is then enabled 
to know, not only the position on the Moon's following limb at 
which the emersion will take place, but also, by noticing the 
position of the angle of the thread with reference to the limb, the 
time at which it is necessary to look out for the emersion. This 
very simple expedient does away with the necessity of those tire- 
some calculations which the observation of emersion is supposed 
to entail, and if generally followed would, I think, have a most 
beneficial result in reducing the great disproportion which now 
exists between the number of observations of immersions and 
emersions. Tours faithfully, 

New York, U.S.A., JOHN TatlOCK, Jun. 

1 891, May 19. 



OBSERVATORIES. 

WiNDSOK, N. S. W. — We are pleased to receive Mr. Tebbutfs 
Report on work done in 1890, from which it appears that his 
instrumental equipment is the same as last year. The observa- 
tions with the Transit were chiefly for time- determination. With 
the 8 -inch equatorial 24 disappearances and 3 reappearances of 
stars occulted by the Moon; 41 phenomena of Jupiter's satellites ; 
178 comparisons of minor planets; 102 comparisons of comets 
Denning and D' Arrest ; observations of the binaries p Eridani, 
Lai. 4219, y Centauri, h 4634, a Centauri, Brisbane 5784, 
and y CoronaB Australis. The observations of the variables 
1; Argus and R Carini have been continued, and of the former 
star Mr. Tebbutt says "it has not sensibly varied in lustre since the 
announcement of its sudden increase of magnitude between April 
1887 and May 1888. I propose shortly to publish a careful re- 
vision of the Windsor observations from 1854 to 1890." A satis- 
factory observation of the maximum of R Carini was secured in 
1890 April. The meteorological observations were taken regularly 
at 21**. A list of presents to the library is appended to the 
Report. We heartily congratulate Mr. Tebbutt on the splendid 
work he is doing for science. 

Leandbr McCoemick. — A catalogue of 171 pages contains the 
results of a small portion of a series of observations begun at the 
Cincinnatti observatory in continuation of the Bonn Durchnuis- 
terung, and referring to the zone —23°. We suppose this zone 
mav be ^aken as complete, though this is not stated in the few 
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Hues of IntroductioD. The number of stars catalogued is 6671. 
The instrument used was a 4-in. equatorial by Alvan Clark. 

Habvabd. — In the Eeport for 1890 the Director again refers to 
the urgent necessity for a fire-proof room to store the accumulated 
MSS. and photographs. The storage of photographs will require 
consideration ere long in a large number of our observatories ; and 
it will be well to pay attention to the remarks suggested by the 
Harvard experiences, notably, that about the great weight of a 
collection of photographs, which may be a source of danger in 
buildings not constructed for heavy loads. 

The regular work of the observatory has consisted of 21 pho- 
tometric observations of Jupiter's satellites at eclipses, 67 comet 
observations, 381 estimations of the 17 circum polar variables 
selected for regular observation, and other miscellaneous matters — ' 
all with the east equatorial ; 6955 observations with the meridian 
circle on the southern zones --9° 50' to 14° 10'; and with the 
west equatorial two investigations on double stars and variable 
stars respectively. But the energies of the staff seem to have 
been chiefly directed to publication ; and a very creditable result 
has been attained. The zone catalogue of stars between +55° 10' 
and +49° 50' is all but finished and forms Part II. of Vol. XV. 
Vol. XIX. Part II. is in type and deals with 50 years' observations 
of the Zodiacal Light. Vol. XXIII. Part I. has appeared since 
the report and contains the observations summed up in the " Meri- 
dian Photometry," which forms Vol. XXIV. and appeared recently 
('Observatory,' No. 172, p. loi). Vol. XXVII., "the Draper 
Catalogue," has just appeared and is noticed elsewhere ; and 
besides this several meteorological volumes have been published 
and others are in type. It will take some time to digest all this. 

But the vigour of the observatory is shown best in its extra- 
neous developments, such as the Henry Draper Memorial. In 
Peru 1309 photographs have been taken with the Bache telescope 
during the year ; and at Harvard 2157 with the twin telescope 
presented by Mrs. Draper. Some of these show simply star-disks 
and others (obtained with a prism of small* angle in front of the 
object-glass) star-spectra. The plan of the work has been described 
before («.^. see * Observatory,' No. 149, p. 223), and the more 
interesting details of the results are referred to periodically, so 
that no further mention need be made of them here ; but their 
presentation en masse in these annual reports leads one to reflect 
with admiration on the ability and energy of Mrs. Flemming, Miss 
Maury, and their assistants. 

The investigations of climate with the Boyden fund have pro- 
ceeded satisfactorily at the three stations, Harvard, Wilson's Peak 
in California, and Chosica in Peru. 

At Harvard much time was devoted to visual observation of 
Mars : "a number of the so-called canals were recognized, but only 
one of them was distinctly seen to be double." 
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" The advantages of the climate of Wilson's Peak are less marked 
than was anticipated ; still they are sufficient to justify an attempt 
to purchase a suitable site there for a more permanent station/' 

At Chosica the observers were clouded out and were fain to look 
for a better station, which was found at Arequipa. The meridian 
photometry of southern stars is now nearly complete. 

The disks of glass for the Bruce photographic telescope had not 
been received at the date of the Eeport. 



PUBLICATIONS. 

Telescopic Wobk foe Starlight Eybnings*. — Most people 
must have noticed a general anxiety at the present time to get 
information on all sorts of subjects from experts. It would seem 
to be a development of the system of interviewing that extracts a 
book about cricket from Dr. Grace, or about spending money from 
a notorious spendthrift. The idea is simple, and more successful 
in practice than might have been expected ; for experts are noto- 
riously deficient in ability to explain their methods, and it is only 
occasionally that we find brilliant exceptions to this rule. 
Mr. Denning is an exception. He has written about his work in 
a straightforward, earnest fashion, that must not only make many 
difficulties clear to his readers, but inspire them with something of 
his own determination and enthusiasm. He shows what work 
can be done v^ith moderate instrumental means pltts enthusiasm ; 
and we hope all those v» ho possess the former and arp in search of 
the latter will read his book of 361 pages, in XVII. chapters. 
Some of the matter has appeared before in this magazine and 
others, but it has been altered and extended so as to be virtually 
new. Chapter I. is on the telescope, II. on the relative merits of 
large and small telescopes. III. and iV. on miscellaneous matters, 
V. to XIII. on the Sun and planets, XIV. on comets and comet- 
seeking, XV. on meteors, XVI. on stars, and XVII. on nebulae 
and clusters. 

We are tempted to give a few of the practical remarks which 
abound in the book. " A great advantage, both in light and defi- 
nition, results from the employment of a single lens as eyepiece. . . 
By many careful trials I find it possible to glimpse far more detail 
in planetary markings than with the ordinary eyepiece" (p. 47). 
" It seems to be a fashionable imposition on the part of opticians 
to overstate magnifying-powers " (p. 49). " You are right in 
saying that Mercury is much easier to observe than Venus" 
(p. 141). "As to the real worth of a glass, there is nothing like 
having a reliable means of comparison, i. e, another telescope of 
acknowledged excellence with which to test the doubtful instru- 
ment.'' The author might perhaps . have added an observer of 

* * Telescopic Work for Starlight ETenings.* By W. F. Denning, F.E.A.S. 
London : Taylor and Francis. 
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acknowledged experience to make the test. In dealing with 
the planets a separate section is always devoted to occulta- 
tions — a subject specially interesting to observers vdth small tele- 
scopes. Eor the admirable summary of observations on Mars, we 
must refer our readers to the book (pp. i6o, i6i). We wish 
Mr. Denning had not represented eyepieces placed on the table 
field-lens down (p. 41) : in this position scratching is almost 
certain. 



NbUB AnNALEN dee K. StEBNWAETE in BoGBNHAirSBN BEI 

M^NOHEN, Band I. — This volume contains a Catalogue of 33,082 
stars for the Epoch 1880, deduced from a re-discussion of Lament's 
zone catalogues, which were separately published in successive 
volumes of the * Supplementbande ' to the Munich 'Annalen.' 
These various star-catalogues have been combined into a homo- 
geneous whole, and the places brought up to 1880 by Prof. Seeliger, 
the present Director of the Munich Observatory. The stars whose 
places are given in the catalogue are situated between the limits 
—32° and +24° declination, and are telescopic stars down to the 
loth magnitude inclusive, but are, unfortunately, very unequally 
distributed over the sky, and the catalogue is therefore not so 
useful for the purposes of many investigations as it might other- 
wise have been. But for this, of course, the present editor is not 
responsible, and he deserves the thanks of working astronomers 
for having undertaken the enormous labour involved in the pre- 
paration of this work, which will doubtless prove one of consider- 
able practical utility. A. M. W. D. 

Beobaohtitngen angbstellt am astrophysikalischen Ob- 
SBEVATOEiUM IN O'Q-YALLA (Ungaen). — This title covcrs Vols. xi. 
and xii. of the publications issued from O'Gyalla, the private 
observatory of Dr. Konkoly, and is a statement of the work done 
there during the years 1888 and 1889. This work consists of 
physical observations of the Sun, Jupiter, and comets Sawerthal, 
Barnard, and Davidson ; observations of meteors ; and determina- 
tion of the longitude of Kis Kartel. The minute details recorded 
of every spot and group observed on the Sun's surface show that 
this is a special feature of the work. The results of the two years 

are: — 

Days of Days free Total Total 

Year. observation. from spots. spots. groups. 

1888 .... 252 123 557 162 

1889 .... 214 142 208 84 

The surface of Jupiter was carefully observed and recorded, and 
in addition there are 14 lithographs showing Jupiter from 1885 
to 1888. The observations of meteors and the account of the 
longitude operations occupy the remaining space. The observatory 
is fitted with the electric fight, both for use with the instruments 
and also in the rooms. 
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NOTES. 

The Q-ebenwioh Mebidian. — The movement for the adoption 
oi the Greenwich Meridian as the standard for Universal Time is 
jaiaking steady progress. One of the last speeches of the late 
C)ount von Moltke in the Oerman Eeichstag (1891, March 16) 
xras devoted to this subject. The following brief account of this 
speech, from a Vienna paper, may be of interest. 

"Berlin, 16 March. Count Moltke took people greatly by sur- 
prise to-day, in the Imperial Diet, by speaking in fevour of a 
single standard time for the Inland Eailway service. Although 
Count Moltke was hoarse, even his longer explanations could be 
understood throughout the whole room ; and the vigour with 
which they were expressed, and especially the humorous remarks 
which Moltke introduced, were a reassuring testimony to the 
health of the ninety-and-one-year-old speaker. The House fol- 
lowed his detailed statements with great attention, and at the 
same time with lively applause. Moltke wishes for the single 
time standard chiefly in the military interest. The speaker 
thought the fifteenth meridian east from Greenwich (the so-called 
Stargard Meridian) to be most suitable for the time standard. The 
latter could, within limits, be fixed for a Middle Gherman Standard 
0^ tims with small changes at the boundaries. A single time for 
civil life and the abolition of all local times should be striven for 
^ a. final aim. The learned men of observatories are only against 
ttiis, because they do not wish for a G-erman, but for an inter- 
actional standard oE time. They could be answered that only a 
8in.aU part of us have business with railways, but a still smaller 
pai^t with Observatories and their Astronomers, Meteorologists, and 
^^odesists. [Applause. ] Prejudices against the single standard 
^^ time in civil life will be easy to overcome. In factories it will 
^'^ly be necessary to alter the figures on the time-bill. Country 
?^Oikers in general do not look at the clock, but only at the clock 
^ the sky ; they must then be called by the bell to their work, but 
^ben the bell goes wrong, which is the case in general [Laughter], 
^t-ey do not go at the right time to their work. Practical life is 
5^ot generally exact to the minute ; school-clocks are often put back 
P^ia minutes, whilst the children wait until the teacher comes 
L-^,oars of laughter] ; the clock at the court of justice is put back in 
^^der that the parties may be there when the trial begins. On 
J*^ilways the clock is generally a few minutes fast ; even Parliament 
*^^s an academical quarter of an hour. [Laughter.] The question 
^^nnot be settled by a vote, but the transaction will be made more 
simple if the Diet expresses itself in a friendly mannner. [Lively 
^J)plause.] Freiherr v. Stumm replied that the simple peasant 
^tid labourer would have no advantage from the introduction of a 
single standard of time. The subject was then dropped." 

We hear also from Dr. Schram, who has written on this subject 
iti our columns, that in the Belgian Chamber the Minister of 

VOL. xrv. s 
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* 
Commerce made a speech strongly in favour of the adoption of 
Greenwich on April lo last ; and that the movement recently 
initiated in Italy for adopting Jerusalem is being gradually aban- 
doned, the Chamber of Arts and Commerce in Piedmont having on 
April 9 voted unanimously in favour of Greenwich. 

Stab Catalogue. — M. Paul Harzer, in the Ast. Nach. No. 3035, 
gives a useful catalogue of 375 stars between declination ±23° 
for the epoch 1885*0. They are mostly below the 6th mag., and 
hence may be found of service as comparison stars in comet obser- 
vations. The observations were made with the meridian-circle at 
Gotha. 



SoLAB Eclipse of 1893, April 16. — M. Cruls has arranged for 
securing regular meteorological observations at Ceara (which lies 
on the fine of totality) during April 1891 and 1892. These obser- 
vations will be published as soon as possible, so as to enable 
intending observers to judge for themselves the prospects of fine 
weather. 



The New Mebope Nebula. — In No. 173, p. 135, we remarked 
that Mr. Barnard had found by eye-observation a new nebula near 
Merope, which he considered could not have been discovered by 
photography, *' because a sufficiently long exposure to impress the 
nebula would so overexpose Merope that its light would coalesce 
with that of the nebula." Prof. Pritchard replied that this was not 
the case, as the nebula had already been photographed with com- 
paratively short exposures and was shown quite distinct from 
Merope ; and Mr. Barnard, in acknowledging the truth of this 
remark (Ast. Nach. 3032), adds that he has examined some plates 
of the Pleiades taken with the Lick refractor and finds the nebula 
on all of them. 



"We deeply regret the death of Dr. Ed. Schonfeld, Director of 
the Bonn Observatory, and successor of the illustrious Argelander, 
whose work he shared and completed. Schonfeld began his astro- 
nomical life in 1852 at the age of 24 under Argelander, being by 
him appointed assistant at the Bonn Observatory in 1854. He 
made the trial observations for the great Durchmusterung during 
Argelander's absence at Pulkowa ; and was associated with him in 
the work until called to direct the Mannheim Observatory in 1859. 
At Mannheim he produced two catalogues of variables and one 
of nebulae. In 1875 ^® ^^s appointed to succeed Argelander, and 
in loyalty to the traditions of the Bonn Observatory commenced 
the Southern Durchmusterung, which he accomplished almost 
single-handed in 10 years, though at the cost of his health and 
perhaps his life. His services to the University of Mannheim 
and to the Astronomische Gesellschaft are remembered with deep 
gratitude. A singularly reserved man, he made no enemies ; while 
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his friends were warmly attached to him. He was born on 
1828, Dee. 22, and died on 1891, May i. A melancholy interest 
airfcaches to his "Note on the New Star of 1006," which appears in 
tla.e Astr. Nachr. for May 11 (No. 3034) and the proofs of which 
wexe corrected by the author a few days before his death. 

The Paiiallai op fi OBioias. — In No. 166 (September, 1890) 

"we printed a note by Dr. GUll on /3 Orionis in which the parallax 

o€ this star was found to be — o'*-o64 with reference to star a and 

— 0**325 with reference to star b : on which the author remarks : 

** If these figures represent actual facts, we have the interesting 

result that the star a is probably a member of an immense distant 

system, of which /5 Orionis is also a member, whilst the star b is 

an inconspicuous but comparatively near member of our galaxy." 

W"e have learnt from Dr. Q-ill that some observations which he 

made a few months later to test the truth of this result threw 

suspicion on the whole series of observations; and on careful 

examination an error was found in the reductions which entirely 

^tiates the result first announced. It is not surprising, therefore, 

th.at Dr. W, Schur, who repeated the observations with the Got- 

tingen heliometer, found quite different results for parallax, viz. 

from star a -|-o"*i35, and from star 6 — o"'025. (Ast, Nach. 

^o. 3033,) 

Pa.ballax of /3 Auriga. — ^Prof. Pritchard has photographically 
wtermined the parallax of this star with reference to DM, 
'^ 44*1322 (mag. 10-2) and DM. 4-44*1334 (mag. S'S), and finds 
J'h.e results +o"*o59 and +o"-o65. '* The identity of the paral- 
^^xes .... seems to indicate the probability that the parallax of 

f^ Aurigae, here determined, approaches the absolute 

'A.ciopting, then. Dr. Vogel's distance between the components of 

^ -A^urigae, it follows that their greatest angular separation as seen 

^rora. the Earth is o"*oo5." The photographic method cannot be 

applied to i^ Ursa9 Majoris because " the two components are sepa- 

*^t^d by 14", and practically when the exposure is continued long 

^^ongh to obtain the impression of the faint stars of comparison, 

^Y^ two components coalesce in a manner to prevent accurate 

wisoction, and no method that I have yet been able to devise to 

P^^vent this confusion of images is altogether satisfactory." We 

®^t>pose therefore that the method of exposing the bright star for 

^ ^-^w seconds only at the beginning or end of the long exposure 

^^v-oted to the faint comparison stars (which, we beUeve, was tried 

f^ Oxford in the case of Polaris to avoid having too large an 

^nci^^e) has been abandoned as unsatisfactory. 

. Sphotbosoopio Binabibs.— Prof. E. C. Pickering points out 
^^^t. Nach. No. 3034) a new development of the method for dis- 
covering double stars by their spectra. If the spectra of two close 
c^^^^ponents, whose motion in the line of sight is not the same, are 
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not similar, lines which occur in the one only will be displace 
with reference to lines which occur in both. In particular i£ o^ 
spectrum be of the second type like our Sun, and the other of fc 
first type, then the resulting spectrum will be recognized by %^ 
strong marking of the hydrogen lines common to both componea.^ 
and on careful measurement these lines should be found disphuc^ 
with reference to the other lines in the spectrum. Of course -| 
strengthening of the hydrogen lines may be due to other cau^j 
than the presence of a faint component, and then there should 
no displacement. The criterion for the faint component woul<3 
a displacement periodically varying. An examination of t- 
spectra of bright stars by Miss A. C. Maury seems to show tl» 
ten stars have such a composite spectrum : — viz. y Andromed - 
H.P. 650, € Bootis, a Scorpii, and /3 Cygni, which are knov^ 
doubles, and r Persei, i^ AurigfiB, I Sagittarii, 31 Cygni, and /3 Caprr: 
comi. The distant companions of the last two give separa"^ 
spectra and are not here referred to. An example of the methc^ 
is given in the case of a Canis Minoris, and the displacement :^ 
found to indicate a relative motion of 20 kilometres per second. 



The transit of Mercury on the morning of May 10 coul- 
scarcely have been satisfactorily observed in these longitudes undes 
any circumstances, as the egress took place soon after sunrise 
As a matter of fact the weather was very bad, and clinched thj 
matter. At Greenwich it was raining slightly at sunrise. -A- 
Meudon M. Janssen reports bad weather. He suggests that m 
the next transit (1894 November 10) Dr. Huggins's method c 
photographing the corona should be tried when Mercury is nea 
the Sun's limb. 



The Annual Visitation of the Eoyal Observatory, Greenwich 
will take place on Saturday, June 6. Curiously enough the Moor 
has selected that afternoon for a partial eclipse of the Sun, com 
mencing about 5 o'clock ; and this will gladden those who belier 
that an eclipse can be better seen from an observatory than else 
where. 



Comet 6, 1891 (c, 1884, Wolf). — Mr. Barnard found Wolf 
Comet on May 3. 



We are glad to hear that the Danish Academy of Sciences an. 
Letters has awarded a gold medal to Baron E. v. Haerdtl c 
Innspruck, for his memoir on a case of the problem of thres 
bodies proposed by the Academy in 1889. 

Ereata in No. 175 : — On p. 169 line 8, dele the name of Mi 
Knobel. On p. 170 fine 24 /or Mr. Downing read Mr. Maunder^ 
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MEETING OF THE EOYAL ASTEONOMICAL SOCIETY. 

Friday, June 12, 1891. 

Lieut.-Qen. J. F. Tbnnant, C.I.E., E.E., F.E.S., 
President, in the Chair. 

Secretaries : E. B. Knobel and A. M. W. Downing, M.A. 

The Minutes of the previous Meeting were read and confirmed. 

Mr. Dawning. Seventy-eight presents have been received since 
the last Meeting. Amongst those calling for special mention are : — 
W. Harkness, ' The Solar Parallax and its related Constants,' pre- 
sented by the U.S. Naval Observatory ; Harvard College Observa- 
tory, ' Yariable Stars of Long Period,' presented by the Observa- 
tory ; O. A. L. Pihl, * The Stellar Cluster x Persei,' presented 
by the Author ; ' Eeport of the Observations of the Total Eclipse 
of the Sun, Jan. i, 1889, made by the Washington Observatory 
Eclipse Party,' presented by the Observatory ; H. Eaper, ' The 
Practice of Navigation and Nautical Astronomy,' 19th edition, 
presented by the Publishers ; * Siddhanta Siromani ' (Hindu As- 
tronomy), presented by Colonel Waterhouse ; Pulkowa Observa- 
tory, 'Catalog von 5634 Sternen fur 1875*0 aus den Beobach- 
tungen am Meridian-Kreise,' von H. Eomberg, presented by the 
Observatory ; J. Kleiber, ' On the Determination of the Orbits of 
Meteor-Streams' [in Eussian], with an abstract in English, pre- 
sented by the Author. 

A vote of thanks was accorded to the donors of the presents. 

Mr. Knohel read a paper by Mr. H. G. Russell, entitled " Notes 
on some Star Photographs recently taken at the Sydney Observa- 
tory." 

The previous photographs of the Milky Way round ly Argus sent 
to the Society by Mr. Eussell were under-exposed, but with the 
same camera and plates he has since obtained a photograph with eight 
hours' exposure. This makes the aspect of the region of the Milky 

VOL. xrv. T 
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Way very different from that shown on the previous photograph. 
The increase in the number of stars shown is very obvious ; but it 
is satisfactory to note that little details — dark spots and lines 
visible in the fainter negative — are reproduced in this. The nebula 
itself is much brighter, the details are more defined, the outlying 
wreaths of nebula extending over a much wider space than has 
appeared in any drawing or previous photograph. Although 
several portions seem to show that a still longer exposure is re- 
quired, the dark oval space near the southern extremity of the 
nebula shows no increase of nebulous light with increase of ex- 
posure. In addition to the photographs with the 6-inch lens in the 
portrait-camera, Mr. Eussell has made a number of long exposures 
t)n i; Argus with the " Star-Camera " or charting telescope, and 
these show that the central portion of the nebula aroujid ri Argus 
has a most complex structure, similar to that around Orionis. 
More extension is shown in the portrait-camera negatives than can 
be seen in negatives with the star-camera exposed for the same 
time. It was in the dark oval space that one of the brightest and 
most conspicuous parts of the nebula was situated when Herschel 
was at the Cape ; and the fact that it has disappeared is a sig- 
nificant commentary on the course he adopted in not only drawing 
the nebula, but in marking out defined and conspicuous portions 
of the nebula by the conspicuous stars. In 1871 Mr.% Russell 
noticed, with a 7|-inch telescope, that the part of the nebula at 
the intersection of the lines -h 50* and +3000 had disappeared, 
and the 1 1 |-inch refractor also failed to show it. It is absent from 
the best of the photographs, which show fainter nebula and hosts 
of stars that Herschel could not see. For example, in the great 
oval in the southern part of the nebula Herschel saw four stars, 
while the photograph shows twenty, and where he saw one star 
the photograph shows ten. There is therefore the strongest evi- 
dence that between 1837 and 187 1 a well-defined and brilliant 
portion of the nebula about ri Argus has disappeared. During 
March 1891 Mr. Russell has taken photographs to trace the 
Milky "Way in the great rift in Argus noticed by Herschel. Three 
photographs cover this region. One, with its centre at R.A. 7*^ 50™ 
and Decl. 47° 47', is covered with stars almost uniformly, although 
the eye sees no Milky Way in that part of the sky. Another 
plate shows stars uniformly over the rift between R.A. 8** lo"" 
and 9** 10", while a third shows the same appearance from R.A. 
lo*" 10" to R.A. 10'' 30™. The whole rift from 7*" 20" to lo*" 30™, 
which to the eye is void of stars, is shown by the photographs to 
be uniformly covered with them. A photograph of the " K'ubecula 
Major" was taken with 6** 17™ exposure on Feb. 9, 1891, with 
the star-camera, and the negative shows the central part of the 
nebula overexposed, but the surroundings show out faintly as a 
most complex structure. These are very similar to the structure 
visible to the eye, that is, a series of loops arranged symmetrically 
with regard to the central mass. In other prints the great groups 
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are very concentrated, without sign of spiral structure, and these 
clusters are roughly parallel to each other and separated by dark 
bands. In places the stars number 5000 or 6000 to the square 
degree, so that it is not surprising to find them run together into 
blotches of light when photographed with the portrait-camera. 

Dr, Bill, I should say with reference to Mr. Eussell's photo- 
graph of the ri Argus nebula, taken with an exposure of five hours, 
which I had the pleasure of examining a few days ago, that it 
seemed to me to be one of the most beautiful photographs of any 
nebula that we have ever seen. Not only is the nebula shown in 
exquisite detail, but the stars are so surprisingly well defined 
throughout the nebula. I know the 17 Argus nebula is exceedingly 
difficult fco photograph ; it does not contain so much blue light as 
most others, and on that ground a long exposure is required to 
procure effect. Short exposures will not give any satisfactory 
photographs of this nebula. 

There is one point in the paper which strikes me as specially 
interesting in connection with the subject to which I referred the 
other day at the Astronomical Association, viz. the difference 
between the visual and photographic brilliancy of stars in the 
Milky Way. From this paper we learn that the Milky "Way is 
shown by photography to extend right across certain regions 
apparently bare to the naked eye. That is a point of great 
interest. 

In a paper recently published in the ' Astr. Nach.' by Professor 
Pickering, he says that the brighter stars in the Milky Way are 
chiefly of the Sirian type, and that explains a fact which puzzled 
us very much in photographing the southern heavens. Professor 
Kapteyn found that the photographic estimations of magnitude 
differed from the eye estimations of magnitude in the rich parts 
of the sky, that is to say, that the estunates photographically of 
the magnitudes of stars in the rich parts of the sky were from | 
to I of a magnitude brighter, as compared with the eye estimations 
of magnitude, than they were in the barer regions of the sky. 
One of two explanations was possible. The first one would be 
that the eye estimates were low in the rich regions, because of 
the brighter background, which may affect all eye estimations. 
The difference seemed too great for this to be the case, especially 
when considerable power was employed on the telescope. The 
second explanation is Prof. Pickering's spectroscopical one ; and 
this brings out the fact that in the brighter stars of the Milky 
Way there is a systematic difference in spectra, and the difference 
between the photographically determined and eye-estimated mag- 
nitude is always found with stars that have the Sirian type of 
spectrum. Thus the Cape Durchmusterung appears to show that 
the faint stars as well as the brighter stars of the Milky Way are 
chiefly stars of this type ; and therefore probably the Milky Way 
is a structure in the heavens by itself, and probably, according to 
the probable order of evolution of stars, the Milky Way may be a 

T 2 
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more recent creation or, at least, a creation in an earlier state of 
development than other portions of the heiavens. This is a very 
fer-reaching question, which of course will require the most 
thorough and complete examination and development; but it is 
one that affords an object for research of the very highest import- 
ance and interest in Astronomy. 

Mr, Ranyard, In the large photograph of the ly Argus nebula 
which Mr. Russell has sent us, taken with the camera with which 
the survey of the heavens is to be made, there are most remark- 
able dark areas and channels, one of which branches like a tree. In 
other parts of the Milky Way we have already seen some dark 
areas, but on a smaller smaller scale, and some dark channels 
bordered with stars. Such dark spaces were known and described 
by Sir William Herschel; but a most remarkable great dark 
branching channel bordered by stars is shown in this photograph. 
Of course the one that goes through the ri Argus nebula was 
already well known. I should like to remark, in connection with 
what Dr. Gill has paid, that many parts of the Milky Way seem 
to have come out very different on the photographs from the way 
in which they are seen and drawn by observers. One of the most 
striking instances is the remarkable photograph which Mr. Russell 
has sent us of the " coal-sack " region, which we know is strikingly 
visible to the naked eye. At first sight of the photograph you 
wonder where the coal-sack is, but when you look more closely 
you can trace the outline which has been drawn so often. We 
know that there is a cluster of red and blue stars in this 
region, and that the whole of the Milky Way is a region of red 
stars. The photographs certainly seem to render it probable that 
it is also a region of blue stars, or stars the general light of which 
is more actinic than the light of stars over the rest of the 
heavens. 

The President. We must return our very grateful thanks to 
Mr. Russell for the very valuable photographs he has sent us, 
which many of you will have the opportunity of examining at your 
leisure. They are extremely beautiful photographs and they speak 
very highly, not only of his work, but of the work of Sir Howard 
G-rubb, who made the lenses, for the star images are most beauti- 
fully defined. 

Dr. Drey er read a paper "On the Proper Motion of twenty Southern 
Stars." He had examined the more remarkable cases of discrepancies 
between the results of earlier and recent meridian observations of 
stars in the region of Schonfeld's southern *Durchmusterung,' which 
might arise from proper motions, but only twenty cases could be 
determined with absolute certainty. It was interesting to note 
that there was not a single star catalogue published now-a-days 
without a number of proper motions of faint stars being brought 
to light. By continuing these investigations and getting together 
as many cases as they could find of proper motions of faint stars 
they would in the course of a few generations obtain very valuably 
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»terial for the determination of the true system of the stars, 
vlnatever it might tul'n out to be. 

CjTke President, There is no doubt this question of the proper 
notion of stars is a most important one, and one which we shall 
>i^J get the true solution of when we get the new photographic 
2liaj:t8; but so long as you have to reduce thousands of stars with 
uaaoiy errors amongst themselves in order to get a few proper 
Hkotions, you can hardly say you have in any way nearly exhausted 
the question. 

^e have to-night amongst us a very eminent French physicist, 
our Associate, M. Comu. I understand that he has something 
interesting to say to us. I am quite sure I am expressing the 
feelings of everybody in this Society when I welcome M. Comu, 
^<3 1 will ask him to let us hear something of what he has been 
doing across the Channel. 

-^. Comu (who spoke in French) was invited by the President 
^ describe the apparatus by means of which he is measuring the 
o^eau density of the Earth. 

This work was undertaken in collaboration with Mr. T. B. Bailli 
^ 1867. -^ torsion balance similar to that of Cavendish, and those 
*terwards employed by Baily and Eeich, immediately gave satis- 
^<5tory results if an accuracy of i % is considered sufficient. But 
-J ?^Uch greater precision was desired, and it became necessary to 
■^ ruinate a large number of causes of error both accidental and 
y^teniatic ; which explains why these experiments have taken so 
■^^ct time. It must be remembered that the total force to be 
^^sured is extremely smalf (about a thoiisandth of a milligramme 
^vir apparatus), and thus many disturbing influences ordinarily 
^S'ligible are here of the same order as the force itself ; and if 
? desire an accuracy of anything like o*i °/o» we must consider 
, disturbing forces of the order one millionth of a milligramme, 
^^ following are the chief improvements of the Cavendish appa- 
s which we have introduced : — 



* Shortening of the arm of the torsion balance, — It is demonstrable 
:, other things being equal (attracting and attracted masses, 
•ances between them, period of oscillation of the arm), deviation 
. -- to gravity is inversely proportional to the length of the arm. 
^Xs arm has been reduced to 0^*50 ; the suspended balls weigh 

^^ grammes, and the period of oscillation is about 7 minutes. 

^. Reduction of the attracting masses to 10 kilogrammes, so that 
^^'^ manipulation is now quite simple ; and to avoid errors in 
^^ing them, the method has been adopted of using globes flUed 
^^th mercury which can be pumped into one or other pair of globes 
^^liose position is not otherwise disturbed. 

3, Registration of the whole oscillation of the balance arm and 
^vestigation of the law. The transits of the millimetre-scale 
U. visions, seen reflected at a distance of 5 metres, are registered 
^ti a chronograph in the usual way. The oscillations of the arm 
tiay thus be compared with the law 



X = Ae~** sin 27r 



m 
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which results from integrating the differential equation of motion 
of a solid moving under the action of two sets of forces, (a) pro- 
portional to the displacement (torsion, variation of distance of 
attracting masses, &c.), which are the subject of investigation, (6) 
proportional to the velocity (resistance of air, torsion friction, &c.), 
which are of the nature of disturbing forces. The method of 
complete registration has led, however, to the detection of a third 
group of forces depending on the square of the displacement. An 
inspection of the chronographic record showed the existence of 
these forces very clearly, and gave means for measuring them. 

4. Use of a torsion thread of annealed glass, — This precaution has 
got rid of those anomalies which always appear in torsion balances 
if a twisted thread be employed, or one which has been wound 
on a bobbin (instability of the zero, progressive and rapid altera- 
tion of zero, &c.). It is indispensable also to use a very long 
thread ; for we thus minimize or even wholly eliminate errors due 
to the attachments of the ends of the thread and elastic retardation. 

5. Elimination of electric disturbances due to different causes 
(particularly those due to the variation of potential of the sur- 
rounding air, above and below the apparatus). All parts of the 
apparatus are put in good metallic connection — the suspended 
balls, the arm, thread, and metallic case enveloping the arm. 

6. Elimination of thermal disturbances due to differences of tem- 
perature in the neighbourhood. These produce currents of air, 
which betray themselves by hydrodynamic effects playing the part 
of regular forces. Thus a candle placed at a distance of some 
centimetres from the arm, protected By a thin zinc box, appears to 
attract the neighbouring ball. This effect is exactly analogous to 
that observed in the radiometer by Mr. Crookes, with the important 
difference that the apparent action of a warm body is an attraction 
instead of being a repulsion as in the radiometer. It appears 
whenever the case protecting the arm is a bad conductor of heat ; 
and disappeared when the case of thin zinc was replaced by one 
of thick red copper, so that the conduction of heat due to acci- 
dental sources is very rapid, and complete uniformity of tempera- 
ture is secured. The zero of the toi^sion balance is now astonish- 
ingly constant. 

Little now remains to be done to complete these long and 
delicate investigations, and the authors hope soon to be able to 
give their definitive result and a satisfactory estimation of the 
probable error. 

The President, I do not know if any Fellow of the Society 
would wish to ask any question or comment upon what M. Cornii 
has said. I think it is verv very rarelv indeed that we have had 
in this room, or in any room in London, a description of a very 
difficult physical investigation given to us in terms which are so 
strikingly expressive and so easily understood even by those who 
are not familiar with the sort of work that is spoken of. I think 
we owe M. Comu our very cordial thanks for the trouble he has 



July 1891.] the Royal Astronomical Society. 251 

taken, and we only hope that his reception here to-night will 
encourage him to visit us again. 

Dr. Gill. I do not wish to appear obtrusive, but perhaps I may 
be allowed to add one word to what M. Cornu has said, because I 
believe I am the only person in this room who has actually seen 
the force of gravity demonstrated by M. Cornu himself. I had the 
pleasure of seeing his apparatus and of looking through the colli- 
mator of it, and I can say that the scale was absolutely at rest, it 
had no motion whatever, there was even no tremulous motion. 
But immediately the mercury was run from one pair of bulbs into 
the opposite pair the force of gravity was visibly demonstrated ; 
the image at once began to move, and the movement of the scale- 
divisions across the collimator-wire was as exact and smooth as the 
movement of a star in the field of a transit-instrument and as easily, 
or even more easily, observable. 

Mr. Stone. I hope M. Cornu will have the kindness to draw up 
for insertion in the * Monthly Notices ' an account of his experiments 
which he has so clearly explained to us this evening. Such an 
account would be of permanent value and interest, not only to those 
who have had the good fortune to he present, but to the other 
Fellows of the Society. 

Prof. A. S. Herschel. There is a point of considerable physical 
interest noticed by M. Cornu in this description of his work, which, 
from his distinguished skill as a physicist as well as great eminence 
as an astronomical investigator, corroborates remarkably what has also 
been observed very recently by English experimenters. About a year 
ago Sir William Thomson, wishing to examine the state of electri- 
fication of the air in certain rooms of the new College of the G-las- 
gow University with a quadrant electrometer, found it so extremely 
variable that the cause of its rapid changes could not at first be 
discovered. It was, however, soon suspected, and then proved by 
very numerous experiments, that the effect was produced by lamp- 
flames burning in the rooms, and even very rapidly by the flame of 
the single small lamp used to throw a beam of light upon the elec- 
trometer-scale. 

The electrifying effects of a va.riety of burning materials, such as 
oils, gas, and charcoal, upon the air were made a subject of research 
with results communicated last year to the G-lasgow Philosophical 
Society, showing the effects in nearly every case, particularly in 
that of burning charcoal, to be very considerable. It is very inter- 
esting to learn that disturbances traced to scattered electrification 
were met with in M. Cornu's work. The experiments referred to 
might lead us to suppose as probable that even the small fiame 
used at first by M. Cornu in the observing-room to throw a beam 
of reflected light upon the reading-scale might produce, perhaps, a 
considerable part of the electrical difficulties which he was so well 
able to overcome. 

The Astronomer Royal read a paper entitled " Preliminary note 
on the change of Personal Equation with Stellar Magnitudes in 
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Transits, observed with the Transit-Circle at the Eoyal Observatory, 
Greenwich." This question is one of some importance to practiekl 
astronomers. It has been brought into considerable prominence 
lately in Dr. Auwers's discussion of the observations of Victoria and 
Sappho for the determination of solar parallax. The reduction of 
stellar magnitude by most methods ordinarily employed was mixed 
up with the question of the possibiUty of diffraction affecting the ob- 
servations, and he had at first hoped that they would have been able 
to get observations at Greenwich with the personal equation machine 
that would be free from these sources of error. Other work had, 
however, interfered with this, and as it would have been necessary 
to adapt photometric appliances to the personal equation machine, 
and this would have involved considerable delay, it was decided to 
determine the change of personal equation with stellar magnitude 
by means of wire-gauze screens placed in front of the object-glass 
of the transit-circle. The effect of these screens in reducing 
apparent magnitude was estimated carefully by the observers and 
their estimations checked by the employment of diaphragms of 
known size. Transits of stars were observed part with screened 
object-glass and part with unscreened, and the deduced times over 
centre wire were compared. The general result was that with all 
the observers there was a tendency to observe stars with object- 
glass screened later ^ and that this was more marked in the^ case of 
the fainter stars ; but there were some discrepancies which made 
one hesitate as to the exact interpretation of the results ; for 
instance, when the object-glass was doubly obscured by the use of 
two screens, the change of personality was not found to be doubled, 
but actually less than for one screen. The paucity of observations 
with two screens might account for this anomaly, but it was not 
unlikely that the peculiar character of the diffraction image influenced 
the observers more than the change of magnitude. This character 
had recently been investigated photographically in connection with 
the Eesolutions of the Permanent Committee for the Photographic 
Chart ; and he would show on the screen the photographed image 
of a star when the object-glass was obscured by a screen. [The 
central disk was surrounded by four well-marked radial bars, which, 
however, did not visibly extend to within some minutes of arc of 
the central image.] 

There followed some desultory conversation on the use of the 
gauze screens for the Photographic Chart. 

Mr. Turner, I should like to state what my difficulty is, and 
perhaps Dr. Gill will be able to clear it up. At the Paris Con- 
ference the question of these screens was mixed up with the one 
as to whether time of exposure was equivalent to intensity of the 
stellar image on the photographic plate, the latter point having 
been most distinctly expounded by Captain Abney. It seemed to 
me that with this as a basis we had a more reliable method of 
photometry than we had ever had before ; yet these screens were, 
so far as T could gather, introduced for the better determination of 
magnitudes. That implied that there must be some advantage 
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either in principle or convenience in the use of the screens. But 
even if the law of exposure is not absolutely true, the divergence 
from the law might have been defined quite clearly, and so the 
intervention of the screens rendered unnecessary. Again, photo- 
graphy gives different photometric results from eye-observations, and 
yet it is proposed to investigate the properties of the screens by 
eye photometry ! 

Dr, Gill. 1 think the discussion which has taken place to-night 
shows pretty clearly, if it shows anything at all, that photometry 
is a very difficult question. If you do not use the screen you put 
1 8 unfortunate astronomers into a difficult position. You have i8 
astronomers setting to work to determine a photometric problem, 
possibly all doing it in different ways, and possibly obtaining dif- 
fereut results. I am not entering into the question as to how the 
photometric absorption of a screen is to be determined, I am quite 
sure that our friend M. Cornu would readily undertake it ; but if 
you have once determined the photometric absorption of a single 
sample screen, and can produce i8 of those screens exactly alike 
(as you can from a web of wire cloth), then you have saved all 
these astronomers the trouble of separately determining magnitudes. 
The great beauty of the screen is that once you have determined 
the necessary screen to produce an absorption of two magnitudes, 
you have only to make i8 screens exactly the same, and the work 
is done for all astronomers. 

Mr, Turner, Will they vary with different object-glasses ? 
Dr, Grill. 1 beHeve that is a physical question and capable of a 
physical solution. If the object-glasses are made alike, with mini- 
mum focus for G-, and well corrected for spherical aberration, it is 
quite certain that the absorption will be alike for all. 

The Astronomer Royal, 1 would like to clear up the points in 
which Dr. G-ill differs from Mr. Turner and myself. On the sup- 
position that 1 8 astronomers have identical object-glasses and 
identical atmospheric conditions, they then have to determine in 
what time they can get the 9th mag. stars with the screen, and use 
this as the exposure for nth magnitude with imscreened object- 
glasses. An alternative method would be to give them certain 
typical stars whose magnitudes are determined visually by ordinary 
photometric methods, and to let them experimentally determine the 
exposure necessary to photograph these stars. 
Dr, Oill, That would be a most excellent plan. 
The Astronomer Royal, The objection to it is that you have to 
determine a larger number of stars than is necessary with the 
screen. The whole question is, would it not be better to determine 
the typical magnitude stars first, and then let unfortunate observers 
find what exposure is necessary to photograph those stars than to 
determine the difference by the use of screens ? I agree with Mr. 
Turner that the introduction of the screens does not help us in the 
matter, and never will help us. Nobody can be certain that the 
results obtained by the screens will be the same for all object- 
glasses. I must also take exception to Dr. G-ill's statement that 
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1 8 or 19 exactly similar screens could be easily made. I have se^i 
several of these screens, and there are great discrepancies between 
them. I am very much afraid of these screens. 

Mr, Plummer, The point the Astronomer Boyal has raised was 
so strongly felt at Oxford that Prof. Pritchard has proposed to 
determine definitely the magnitude of certain stars of approximately 
the nth mag., independently and without reference to any grating 
in front of the object-glass. There may be some difficulty in de- 
termining with accuracy magnitudes of stars as faint as the i ith, 
but these difficulties can be overcome. 

The President, "We have wandered greatly from the subjec 
which was originally started, from the change of personal equatio 
to the magnitudes of stars. My first acquaintance with thes€^^^ 
diffraction phenomena was from Sir John Herschel's paper in th 
' Encyclopeedia Britannica,' written something like sixty years agOi^z: 






and it so happens that early in this half-century — 1853 or there- ^ 

abouts — I tried, when surveying, to dull the light of heliostats b^ 

a reticulated screen. The screens which I used were made of th 

nicest woven cloth I could get, and I was under the impressiorz: 

that by using these I could conveniently observe in succession t1i^ n 

very bright lights at stations where the Sun was clear and the faint^^^^^«er 

ones at those where the Sun was clouded over. I soon had to gi\^^MB^e 

it up, for I found it was impossible to take an angle when A 

was bright and B was dull to agree with those where A was du^^^^B=in 
and B bright. It was painful to observe the objects varying i^^^^Edn 
brilliancy, but I got consistent results. "With the screens I d^~ — id 
not get consistent results when I came to dull the bright objec "^t s 

in this way, and that was clearly due to some introduction of person.;^^^*=ia^ 
error. I am pretty sure that in observing the distance between ^ 

bright star and a faint one if a bright star is dulled down by ^ 

screen, there is some effect, and 1 want to ask Dr. Gill how ^^CH ^^ 
does with the heliometer when he dulls one star down in th^=- -^^* 
way. 

Dr, Gill, "With regard to the effect of the screen, I may a 
we have made thousands and thousands of observations. I ha 
reduced Sirius down to the 8th magnitude, the result being th^ 
you cannot by any possibility distinguish the reduced image fro 
that of an unreduced 8th mag. star, the images are so good th^- 
probable error of the complete observation of distances on o 
night is only about y^ (^ths of a second of arc. "When you redu 
a bright star down to a faint one you get diffraction-rays ; but 
vou use a fine screen these diffraction-rays are so minute th 
with a high power and the diffraction effects so far removed fro 
the central image I defy the most keen-sighted astronomer to di 
tinguish between the image of a star so reduced and the image 
a companion star of the 8th magnitude. 

The President, The images we have are not like those you 
Those we have seen are less than 7 minutes from the centre. 

Dr, Qill, No, in the photograph of the image of a LyrsB, whic^^^ 




:m 
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was taken at Greenwich, and which has been projected on the 
screen, only a single fold of wire gauze has been employed, reducing 
the image perhaps 2 magnitudes only. The diffraction-effects are 
therefore very bright, in the case of a bright star like a Lyrg9 ; but 
you will observe they occur at about 7 minutes of arc from the 
central image, and they would be entirely invisible in the field of 
view of an eyepiece of high power, even if they were considerably 
closer than 7 minutes from the central image, for the field of 
such an eyepiece is much less than 14 minutes of arc in diameter— 
probably only 3' or 4'. 

The following papers were announced : — 

H. C. Russell, " Notes on some Star-photographs recently 
taken at the Sydney Observatory." 

S, W. Burnham. " The Companions to Regulus." 

Rev. jS. J, Johnson, " Probably Early Observation of an Immer- 
sion of Titan." 

J, L, E. Dreyer. "Proper Motions of twenty Southern Stars." 

K, D, Naegamvala. " Observations of the Transit of Mercury, 
1 89 1, May 9." 

A. F. Nursingrow. " The Transit of Mercury, 1891, May 9, as 
seen at Yizagapatam.'* 

F, McGlean. " Photographs of Metallic Spectra." 

E, J, Stogie, " Observations of the Moon made at the Radcliffe 
Observatory, Oxford, during the year 1890, and a Comparison of 
the Eesults of the Tabular Places from Hansen's Lunar Tables." 

Radcliffe Observatory^ Oxford, " Observations of the Partial 
Solar Eclipse of 1891, June 6." 

A. Marth. "Data for computing the Positions of the Satelliles 
of Jupiter 1891. With tables of the Inequalities." 

A, Marth, "Ephemeris for Physical Observations of the Moon, 
1891." 

Dr, R, Copeland, " Observations of the Transit of Mercury, 
189 1, May 9, made at the Eoyal Observatory, Edhiburgh." 

T, Lewis, "The Orbit of ^6 Andromedae (S 73). 

W, H, M. Ghinstie, " Preliminary Note on the Change of Per- 
sonal Equation with Stellar Magnitude in Transits observed with 
the Transit-Circle at the Eoyal Observatory, Greenwich." 

Richard Edward Synge Cooper, Hillmorton Paddox, Rugby ; 
Hugh Frank Newall, Trinity College, Cambridge ; Samuel H, Ridge, 
B,A., F,R,G,S,, 275 Victoria Parade East, Melbourne, Victoria, 
were duly elected Fellows of the Society. 

The following Candidate was proposed for election to the 
Society : — 

Lord Edward Spencer Churchill (proposed by the Earl of Eosse). 
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EOTAL METEOEOLOGICAL SOCIETY. . 

The concluding Meeting of this Society for the present session 
was held on Wednesday, June 17, Mr. Baldwin Latham, 
M.Inst.C.E., President, in the Chair. 

Mr. J. J. Cohnan, M.P., Mr. E. B. Duhoff-Gordon, B.A., Mr. 
Q-. E. Leon, Mr. T. de C. Meade, Assoc.M.Inst.C.E., and Mr.' P. 
Russell, F.R.G.S., were elected Fellows of the Society, 

Mr. A. J. Hands gave an account of a curious case of damage 
by lightning to a church at Needwood, Staffordshire, on April 5, 
1 891. The church was provided with a lightning-conductor, but 
Mr. Hands thinks that when the lightning struck the conductor a 
spark passed from it to some metal which was close to it, and so 
caused damage to the building. 

Mr. W. Ellis read a paper "On the Mean Temperature of 
the Air at the Eoyal Observatory, Greenwich, as deduced from 
the Photographic records for the Forty Years from 1849 *o 
1888." The paper includes a table of moiithly means as deduced 
from 24-hourly readings from the photographic register on each 
day, and contains also an account of the way in which, at different 
times, Greenwich mean temperatures have been formed. It is 
further pointed out that neither ten nor twenty years is a sufficiently 
long period, as some persons have supposed, for the formation of 
temperature-averages in this country, and comparisons are given 
showing that the temperatures determined at Greenwich during 
the period covered by the table truly represent the general variations 
of temperature and are not affected by the growth of London in 
modern times, as has been by others imagined. 

Mr. Ellis also read a paper " On the Comparison of Thermome- 
trical Observations made in a Stevenson Screen, with corresponding 
Observations made on the Revolving Stand at the Royal Observa- 
tory, Greenwich." From this it appears that the maximum tem- 
perature in the Stevenson screen is lower than that of the revolving 
stand, especially in summer, and the minimum temperature higher, 
whilst the readings of the dry and wet-bulb thermometers on both 
the screen and the stand, as taken at stated hours, agree very 
closely together. The results of special experiments made on days 
of high temperature and bright sunshine, included in this paper, 
show that the readings of the thermometers exposed on the re- 
volving stand (known as the Glaisher stand) are not influenced 
by radiation from the ground and the surrounding buildings in the 
way that has been frequently affirmed. 

Mr. W. F. Stanley exhibited and described his " Phonometer," 
which is really a new form of chronograph designed for the 
purpose of ascertaining the distance of a gun, from observa- 
tions of the flash and report of its discharge, by the diffference of 
time that light and sound take in reaching the observer. The 
instrument can also be used for measuring the distance of Hghtning 
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by timing the interval between the flash and the report of the 
thunder. 

A paper was also read by Mr. A. B. MacDowaU on " Some 
Suggestions bearing on Weather Prediction." 



Selenographical Notes. 

Delambbe. — Though not far removed from the lunar equator 
and central meridian, and therefore conveniently placed for ob- 
servation, this fine ring-plain has not attracted much attention 
from observers, despite the fact that it is certainly one of the most 
interesting objects of its class, and is, moreover, situated in a 
district which includes features of a very noteworthy kind. 

The shadow of the lofty western border, which towers nearly 
15,000 feet above the floor, renders it impossible to see much of 
the interior till the Sun has attained a considerable altitude, or till 
the morning terminator has moved as far towards the east as West 
long. 5°, or farther. At this phase the centre of the formation is 
just in sunlight and the bright inner slope of the eastern wall is 
seen to the best advantage. In this, as in so many other of the 
so-called ring-mountains, the more or less irregular hexagonal 
outline of the loftiest section of the border is very noticeable. It 
is not so evident under low powers, but under a magnification of 
from 200 to 400 it is so obvious that it can hardly escape the notice 
of any but the most superficial observer. As this peculiarity of 
structure does not harmonize very well with existing theories as to 
the formation of lunar rings, it awaits the attention of the framers 
of hypotheses in the future. 

It would be difficult to find among objects of a similar type and 
size a more remarkably complex wall than that of Delarabre. The 
inner slope consists of a succession of terraces or concentric rings, 
which, however, are to a great extent discontinuous. Below the 
culminating ridge on the south-east there is a deep hollow or 
valley whose lowest recesses remain sunless long after all other de- 
pressions on the slope are illuminated. Schmidt (in whose chart 
it alone appears) represents it as a " pocket," or row of inos- 
culating craters, and as a prominent feature. One or two of the 
secondary ridges or terraces on the south-west border are very 
lofty, — standing out amid the shadow of the western wall at an 
early stage of the lunar day. Neison shows nothing of these 
terraces, and Madler draws only one of them on the western 
side and none on the other. The floor includes no very lofty 
heights. Schmidt has a large central elevation with two craters 
on the eastern and a peak on the western flank of it. Madler and 
Neison draw two parallel rows of hills trending from north to 
south. On the night of April 15 this year, 8*^ to 9** 15", a power 
of .350 on my 8J-inch Calver-reflector showed a well-marked ridge 
running from the large bright crater on the north border to two 
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deep circular pits, filled with shadow, near the centre, answerii 

to Schmidt's craters. These objects were connected by a rill-lil 

valley which possibly represents the depression between the hill 

shown by Madler. It is strange that neither he nor Neison sho^ 

the pits, though they are very prominent. No other detai^tZHs 

were seen in the interior. 

The two fine deep crater-plains, Theon senr. and Theon junr^ — •, 
the names of which are, by the way, transposed in Schmidt's Chi 
were at this time filled with shadow, and all the surrounding featui 
displayed with great distinctness under oblique light. About mi( 
way between them lay what appeared to be a mountoin-grou] 
much involved in shade and exhibiting detail difficult to 
satisfactorily. On the following night ttie appearance of this obj< 
was entirely transformed, two shallow rings occupying the sil 
showing how important it often is not to decide as to the acl 
character of a formation until it has been seen under more tl 
one phase of illumination. Schmidt draws curved ridges, inclosic 
craters, here, but the enclosures noted were far larger than 
Neison shows nothing, and Madler only two hills on the site. 

Running from the north side of Taylor a to the east of tt- 
Theon crater- plains and beyond, towards the north, is a promine: 
mountain-range which attains its greatest elevation at a p( 
marked a on Nelson's Map 21, a little south-east of Theon sei 
At the eastern foot of this range, close under the peak, and at 
lime of observation partially involved in its shadow, I noted t^ 
brilliant white circular spots in close contiguity. On carel 
examination the more easterly of these objects turned out to b< 
crater filled with black shadow and casting a shadow. I could 
be so certain as to the true character of the companion, that neai 
the foot of the range, though at times it seemed to have a dust 
(not black) centre. These twin white spots align vrith Theon ju: 
They cannot be traced in any of the maps, though Schmidt 
Neison show a small crater near the site which may possil 
represent one of them. They were so very conspicuous, both beL 
at least 6° on the adopted scale, that one cannot understand w 
both are not inserted and specially referred to. 

There is a marked tendency in the hills and ranges on the soi 

and north of Delambre to a north-east to south-west directic 

This direction is not rectilineal but slightly curved, the convex 

being towards the south-east. Three very prominent paral — 

ranges abutting on the south-west wall of the formation dispK^ 

the same tendency. Neison speaks of the ruins of a small rii 

plain, Delambre a (with a central peak), on the north side of tl 

formation. It can only be well seen at an earlier stage of illui 

nation than that which obtained when the above observations wi 

made. It lies between Theon senr. and the wall. I have 

noted the central peak. 

Beaumont House, Shakeepeare Road, Thos. Qwxisr ElgEB. - 

Bedford, 1891, June 19. 
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Stellar Parallax, as determined by a Transit Instrument^, 

We have to congratulate Prof. Kapteyn on the successful inaugu- 
ration of a new method of determining relative stellar parallax, by 
the employment of a transit instrument for the observation of 
differences of Right Ascension between the selected star and 
neigh boui'ing stars of comparison. Nearly thirty years ago Prof. 
Auwers sought to determine the parallax of G-roombridge 34 by 
observing the difference of Eight Ascension from contiguous stars, 
employing the equatorial of the G-otha Observatory. The conclu- 
sion at which that astronomer arrived was that the method adopted 
was distinctly inferior to that depending on heliometrical measure- 
ments; and the plan has been since abandoned. The measure- 
ment of the differences of declination by means of an equatorial 
has been applied by several astronomers to the investigation of 
stellar parallax with greater or less success, but Prof. Kapteyn's 
process appears to possess some advantages which that method 
cannot claim. The method of differences of declination usually 
necessitates measurements at verv different altitudes, and is con- 
sequently accompanied by proportionate uncertainty in the calcu- 
lation of the small corrections for differential refraction, eliminated, 
it is true, to some extent by a judicious selection of the stars of 
comparison. But unless the star has a considerable latitude and 
the parallactic ellipse approaches a circle, the factors of parallax 
are small and inadequate. 

Prof. Kapteyn's process is quite distinct from that which has 
been recently applied by Dr. Belopolsky with great apparent 
success. The Pulkowa astronomer has discussed the Right Ascen- 
sions of certain circmnpolar stars, observed above and below the 
Pole when, the observations being made at different seasons of the 
year, a large factor of parallax is generally available. But if any 
systematic errors exist in the catalogue of clock stars employed in 
the reduction of the observations, which is the more possible as 
the fundamental stars are separated by approximately twelve hours 
of Right Ascension, these systematic errors are likely to be trans- 
ferred to the deduced parallaxes. The plan of Prof. Kapteyn is 
free from this source of error, for the principal feature of this 
method consists in observing with a transit instrument, connected 
with a chronograph, the transits over a number of wires of the 
star whose parallax is sought, and of two others as nearly as 
possible symmetrically situated, at slightly greater and less decli- 
nation. The difference of declination should not be great, in order 
to minimize as far as possible any uncertainty in the determination 
of the errors of the transit instrument. The differences of Right 
Ascension should be inconsiderable, to avoid a possible alteration 
in the clock-rate. The stars should also be as nearly as possible 

* Bestimmung von Parallaxen durch Begistrir-Beobachtungen am Meridian- 
kreiee von Prof. Dr. J. C. Kapteyn. 





260 SteUar ParaOax. [No. 177. 

of the same magnitude, so that a personal equation, traceable to 
difEerence of magnitude which has been frequently observed, may 
not have a detrimental effect. Prof. Kaptejn employed a gauze 
screen in front of the object-glass to reduce the more brilliant of 
the stars to uniformity of apparent magnitude, and no doubt mud 
. oE the success attending this first attempt is due to the care wit! 
which he foresaw and eliminated sources of possible error. 

The more nearly these conditions are fulfilled the more favour^ — 
able are the conditions for the determination of parallax. Practi — 
cally it has been foimd possible to so select the stars of comparisoi 
that the mean of their declination rarely differs 5' from that of t 
principal star. The differences of Eight Ascension have giyi 
rather more trouble ; sometimes it has been found necessary 
sacrifice some of the wires in the transit owing to the stars fo 
lowing too closely; but these are details into which we cann< 
enter too minutely. 

Before describing the sources of error and the treatment of t 
observations, it may be as well to explain that the stars on whi 
the experiment has been made are all remarkable for considera 
proper motion, are confined to a zone of 21° in declination, and 
not transit very far at their upper culmination from the zenith 
Leyden, where the observations were made. Owing to du 
connected with University work, the observations had to be m 
in the Easter and Christmas vacations, and under these circu. 
stances it might be anticipated that the stars would not be 
placed by the total amount of the parallax. Nevertheless, 
choosing stars which crossed the meridian near the even 
twilight at one time of the year and near the morning twilight- 
the other, Prof. Kapteyn has arranged that the observations 
accompanied witli a very significant factor. In considering d 
applicability of the general method, it is important to bear in mm 
that the factor of parallax will be larger, and the method coi»^ 
quently the more favourable, the nearer the star is to the solsti 
colure, for here the circle of declination is parallel to the ecli 
and the total parallactic displacement is parallel to the equator 

Among the sources of error which may be anticipated ther^^ 
of course, an erroneous determination of the ordinary correcti 
of the transit instrument ; but since the particular zone in wL 
each star occurs extends over so small a declination, this ma}^^ * 
dismissed, as in any well-appointed observatory such correcti -^^^^ 
would be always under control. Of more importance is a poss^ ^ ] 
change in the clock-rate, and the determination of this rate, ^fc^^^"^*; 
the necessary accuracy, has given Prof. Kapteyn some anxiety. ^ 
had been intended in the preparation of the scheme to detern^ ^■^'^ 
the clock-rate from stars of approximately the same declinatS^^^^ 
but separated as far as possible in Right Ascension. Bad weat^^'^ 
prevented this arrangement being fully carried out, and it has ^ 

sometimes necessary to employ the daily rate, which, ther 
reason to believe, differs sensibly at different periods of the 
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Deriving the hourly rates of the clock in three different ways, 
Prof. Ejipteyn finds that the difference between these rates in 
spring and winter is as follows : — 

Spring. Winter. 

I — o''Oii7 +*oio6 

II — '0099 +'0078 

III — •0124 +'OIIO 

This result implies that with the clock-rate determined in the 
ordinary manner there will be a discrepancy of o"-o22 in the length 
of an hour between the spring and winter observations, or, in other 
words, if the length of the hour be by the ordinary methods cor- 
rectly determined in spring, the winter observations will contain 
an error of o'*022. An inquiry of this character has evidently a 
wider interest than the investigation of stellar parallax. Unfortu- 
nately, Prof. Kapteyn is not able to give an adequate explanation 
of this fact. It cannot be ascribed to variations in the transit 
errors, nor to alterations in the length of the chronographic record 
of the second, and another plausible suggestion which is submitted 
seems also insufficient. It is possible that the pendulum-rod exr 
periences changes of temperature more rapidly than does the 
mercury cistern. The direction in which such a cause would 
operate is in that which has been observed, but the amount would 
probably be much smaller. We venture to make another sug- 
gestion, the possibility of which has not been discussed by the 
author. It is possible that the " latency" of the electromagnetic 
styli which mark the chronographic tape is not constant. Unfor- 
tunately we are unable to refer to the method by which the strength 
of the battery current is kept constant, and if no precaution is 
then taken it seems possible that a variation of temperature in the 
course of • the evening, which would alter both the resistance and 
the electromotive force, might alter the interval in the discharge 
of the styli. Cases are on record in which the time between the 
completion of the circuit and the release of the armature amounts 
to c*o4 second, subject to variation depending on the condition of 
the battery. This cause would probably be insufficient to account 
for the whole of the observed quantity, but recent investigations 
at Ley den have shown that the variation of the hourly rates is 
probably smaller than that found by Prof. Kapteyn. 

Many important points in the paper must be passed over for 
want of space, but it is desirable to record what degree of accuracy 
may be expected in this class of observation. In the first place 
we have the error of transit over the individual wires as deter- 
mined from the reduction of each to the middle wire, and the error 
of a complete observation as derived from a preliminary solution 
of the equations of condition, giving to the observations equal 
weight. The results, divided into the four periods at which the 
observations were made, are as follows : — 

VOL. xiv. u 



262 Stellar Parallax, ' [No, IJf^ 





Error of a 
single wire. 


No. of 
Btars. 


Error of an 
obseryation. 


Mean No. 
of wires. 


No. of 
observations^ 


ist Period... 


0"*0420 


242 


o''-oi68 


I9'2 


391 


2nd „ ... 


•0438 


205 


•0178 


19*8 


263 


3rd „ ... 


•0395 


192 


•0173 . . 


. . , ;9'6 


*57 


4th „ ... 


•0^61 

•0404 


184 


•0154 . . 


■ .fti'-J 


3»i 


Mean 


•0168 


• • t • 

20'0 





From the mean value o"*o404 of the error of transit over a single 
wire, the error in the observed difference of Right Ascension of 
two stars should be, when the transit is made over 20 wires, 



0"-64O4 _ 



V 



2^=o'-oi28, 



10 



a quantity sensibly smaller than the o"*oi68 given above. In this 
particular case the discrepancy may be explained by the fact that 
the errors for a complete observation are derived from a pre-«- 
liminary and not definitive discussion of the observations ; but as 
a rule, Prof. Kapteyn, as it appears to us, distresses himself by the 
want of uniformity in the amount of the probable error as derived 
by different processes, and possibly by too great an insistance on 
the accuracy of the final results being gauged by the deduced pro- 
bable error. This is, however, the less to be regretted, since it 
has induced the author to make an exhaustive inquiry into the 
freedom of the observations from systematic errors, and we cor- 
dially agree with his conclusion that systematic errors are not 
present in a noticeable degree. 

Finally, a comparison is instituted between the accuracy of tran- 
sit observations as compared with those made with the heliometer 
and with photographic processes. We can only give the results, 
and we believe Dr. Gill demurs to the value given in the case of 
the heliometer, and intimates that with his new instrument the 
errors are reduced by one half.* The probable error in the deter- 
mination of the place of the principal star, referred to the middle 
point of the two stars of comparison, is, when observed over 
20 wires by the chronographic method, +o"*i32. The analogous 
quantity with the heliometer is +o"'075 and with the photo- 
graphic process Hho"*o86. The advantage in point of time re- 
quired in making the observation is believed to be on the side of 
the chronograph. 

Prof. Kapteyn has given a scheme by which the comparatively 
rapid determination of many parallaxes may be obtained. We 
beg to express a very sincere hope that the process may have a fair 
trial by some astronomer who has greater leisure than has Prof. 
Kapteyn, or, better still, we trust that that astronomer may soon 
find himself provided with suitable instruments to enable him to 
carry out an inquiry to which he has already applied himself to 
such good purpose and under somewhat adverse circumstances. 
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> give in the fdlowing table his final numerical reeulta for the 
aikx of the atara he has investigated : — 



iTii ti..., 
me Mai. . 

1*5.... 





B. B. Tii. 104... 


Si± -016 
l4± oil 


m » 105- 




6i+ ■o»9 




76+ -014 




o,± -016 








li± ■019 





»r=+o-4i8 ±0-030 
=4- -ifiSl -017 
= + "ojoi -olj 

. =4- •oi6± -oja. 



WrLLiAii B. FLmoniB. 



TSe Orbit qfO% 269. 

!BB are reiy few meaaurea of this close pair since it was first 
rved in 1844 ; and all the positions we haye prior to 1883 are 
' single measures, scattered over a period of forty 7'ears, and 
s of them evidently with large errors. Engelmaon, at the date 




named, made a good series of measures considering the small 
rture of his instrument, and these observations furnish the key 
*a approximate determinatioD of the period. Without them 
c2 
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it would be impossible to say with certainty, taking the measures 
together, whether there was any appreciable motion at all. 

I have lately measured this with the 36-inch telescope, and 
obtained a very satisfactory place for the companion .at this time, 
although the distance is less than a quarter of a second. This 
pair is always difficult \«rith' moderate apertures, a^ the distance 
never exceeds about o"*4, and most of the time it Is much less. 
When the observations are brought together, it is apparent that 
most of them are of- no use in a determination of the period. The 
errors are obvious when the whole series is considered. The fol- 
lowing are all the measures which can be turned to any account : — 

1844-31 2i8°-o o"-33 OS in 

i846'39 223 '8 o '39 02 i n 

i85i'39 228*9 0*33 OS in 

1861*26 242 '8 o 'S3 OS in 

1883*41 61 *4 o *22 En 4n 

1891*26 213*4 0*22 /3 3n 

I have carefully laid down these positions to scale, and after & 
jiumber of trials have drawn the ellipse shown in the accom- 
panying diagram, which makes the areas described substantially 
proportional to the times. The observations as a whole are well 
represented, considering the closeness of the pair. The observed 
distance in 1851 is evidently too small, and, according to this 
orbit, should be increased o"*o8, while that of 1883 is o"*o6 too 
large. 

From this apparent orbit we get the following : — 

Period 48*4 years. 

Minimum distance .... o"*o7 (1886) 
Maximum distance .... 0*42 

Major axis o -64 

Minor axis o '20 

Angle of major axis . . 48° 

The distance is slowly increasing, and in a few years it will be 
readily measurable with most refractors. 

This star is Lalande 25074, and according to Heis it is just 
visible to the naked eye. OS gives the magnitudes of the com- 
ponents 6*5 and 7*o. The mean of my recent estimates gives 7*2 
and 7*7. Argelander has 6*7 for the combined light of both. The 
place (1880) is : 

E.A. 13*^27"* 26" 1 
Decl. +35° 32' f 

Lick Ohserratory, 1891, June 10. S. W. BuENHAM, 
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CORRESPONDENCE. 

To the Editors of ' The Observatory J 

The late Prof, Schonfeld on the New Star of 1006. 

Gentlemen, — 

Allusion was made in the June number of the ' Obser- 
vatory' (p. 243) to the last paper written by Prof. Schonfeld, 
'^hich was not published until after his lamented death, when it 
appeared in No. 3034 of the * Astronomische Nachrichten.' May 
J- offer you the following short account of its contents, which wiU 
perhaps interest jnany of the readers of the * Observatory ' ? 

JIumboldt mentions, in the third volume of * Cosmos,' a new 

star which has generally been supposed to have appeared in the 

year A.D. 1012 in the constellation Aries. This was from the 

statement of Hepidannus, a monk of St. G-all (who died in 1088, 

and whose annals extend from a.d. 709 to 1044); but Humboldt 

^^^«rs to another manuscript of the work of that writer which throws 

^tk^ dates six years further back, according to which the new star 

^ould have appeared in a.d. 1006. Now Prof. Schonfeld shows, 

^c>m an Arabic and a Syriac chronicle, that the star was noticed in 

^^stern Asia in a year stated to be 396 of the Hegira. The flight 

, *^ ^Medina took place in 622 ; but as the Mohammedan Calendar is 

I'^^^^r and makes the year consist of 12 lunations or 354 days, the 

^-*^Grence in reckoning the eras would diminish by twelve years 

P^ an interval of nearly four hundred years, and the year 396 of 

^^ llegira would correspond to 10 12 of the Christian era. The 

^•^^ therefore in the eastern chronicle aorees with that in the 

^^Is of Hepidannus, according to the best manuscripts of the 



ut Schonfeld corrects Humboldt, not only in the date of the 
~^*^*s appearance but in the part of the sky where it was seen. 
^^ account in Hepidannus only states that it appeared " in 
^^ximis finibus Austri, ultra omnia signa quae videntur in coelo," a 
^^it;ion which Aries could never have occupied at the place in 
^^stion. Schonfeld points out that the word translated Aries in 
P^ Syriac record (this had already been indicated by Kirsch, one 
^ "fcLe editors of the translation) means " sheep," and is not the 
^^^<i which denotes the constellation Aries, so that that ren- 
^^^»g was only a conjecture. A very probable emendation of the 
'^^&inal would make it the word used for the constellation Scorpio 
^ . ^hich several new stars have appeared at different times), 
^^^ch would correspond well with the expression of Hepidannus, 

is therefore in all probability correct. 

Yours faithfully, 

^^e^eath, 1891, June 10. W, T. LyNN. 



w< 
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The Eclipse of Columbus, 

Gentlemen, — 

At p. 58 of the Rev. S. J. Johnson's interesting little })oc^^'' 
* Eclipses Past and Future/ he refers to Eipcioli as taking ti^^^ 
lunar eclipse of 1493, April 2, as the one of which use was maC^^^:' 
by Columbus in frightening the natives into biinging him pro\^=^^^\ 
sions, of which they had become neglectful. E-iccioli does inde^^^^ 
give 1493 as the year of the eclipse of which "profuit non paru^r ^•^ 
Christophoro Columbo notitia ;'* but assigns the day as October 2=^ -^^ 
when there could have been no eclipse at all, as the Moon w^^ "^ 
not quite full. In April 1493 Columbus was in Spain, after h*: ^cdis 
return from the memorable voyage in which he discovered tl 
West Indies ; in October be was on his second voyage thither, 
left the Canaries about the middle of that month. 

Mr. Johnson goes on to say that it is doubtful on which of tl 
voyages of Columbus the event occurred, adding : " The eclipse 0: 
the evening of March i, 1504, has also been given as the correc 
date." Eeference to the account by Ferdinand Columbus of h: 
father's life will show at once that the incident took place on h 
last voyage, and that the eclipse must have been that of Feb. 2' 
1504 (dated March i in 'L'Art de verifier les Dates,' because tl 
middle of the eclipse fell at Paris early on the morning of th^ 
day). In a note in the English translation (by Smyth and Gran 
of Arago's * Astronomie Populaire,' this date is correctly given" 
but Columbus is erroneously supposed to have been at the time 
Hispaniola, whereas he was really on shore at Jamaica, having 
means of leaving it on account of the shattered state of his ship 
Many of his men too had mutinied and deserted him, and he wj 
anxiously expecting that relief which at last tardily arrived, fro 
the Governor of Hispaniola. Yours faithfully, 

Blackheath, 1891, April 10. W. T. Ltnn. 

Epitaph of Maskelyne. 
Gentlemen, — 

In Rigaud's exhaustive account of the life and correspo: 
dence of Bradley, the epitaph of that distinguished astronom-^ 
(whose merit was so early discerned by his illustrious predecess 
at Greenwich) in Minchinhampton Church is fittingly recorde 
But I do not think (at any rate I cannot find) that that 
Maskelyne has been published anywhere. He was Astronom 
Royal during a longer period than anyone else who has held th 
office, slightly longer than Sir George Airy, who had not qui 
completed forty-six years at the time of his resignation in 188- ^ 
whereas Maskelyne was appointed in the month oF February 176 
and he remained in office until his death in February 181 1. T 
biographical notices of him which have hitherto appeared are en 
ceedingly meagre. It is well known that he was of Purton, n _ 
Swindon, in Wiltshire, and was buried there. Thinking it migl 
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be of interest to the readers of the * Observatory/ I wrote a few 
days ago to the present Vicar of Purton (the Eev. J. Veysey), and 
asked him to favour me with a copy of the Maskelyne epitaph 
there. He kindly and promptly complied with my request, and 
informs me there are two inscriptions, one in English on the 
tombstone in the churchyard, the other in Latin on the monument 
in the Maskelyne Chapel in the church itself. The former runs : — 

Here are depofidted 
The remains of Nevil Maskelyne, 

D.D., F.R.S., 

Astronomer Royal Forty-six Years. 

He died on the 9th day of February, 181 1, 

at the Royal Observatory in 

Greenwich Park 
in the 79th year of his age. 

The Latin inscription in the church is : — 

In hujus ^dis CcBuieterio 
DepositaB sunt Relliquias 
NEVIL MASKELYNE. S.T.P., R.S.S., 
Neonon Astronomi Regii : 
Viri 
Seu Morum Simplicitatem 
Seu Animi Benevolentiam 
Seu YitsB doctissimse utilitatem 

Spectes, 
Insignis, Eximii, publice deflendi : 
Qui Naturae Leges exprimendo 
Auctoreni Maximum potissime coluit : 

Sine fuco piua 
Pietatem officio exhibuit : 
Denique, non sibi, sed Christo fidens, 
In gremium Patris Sempiterni, 
Yitam bene actam 
Futuri certa spe praemii 

Reddidit 
Quinto Id. Feb : Anno Domini 1811. 

One almost regrets that this inscription does not contain more 
reference to Maskelyne's scientific work, particularly to his esta- 
blishment of the 'Nautical Almanac.' It is interesting to re- 
member that the transit of Venus in 1761 was observed by two 
future Astronomers Eoyal, — by Bliss, who suppUed the place of 
Bradley (too ill to observe himself) at G-reenwich, and by Maske- 
lyne, who observed it (though only partially on account of the 
weather) at St. Heleua. Tours faithfully, 

Blackheath, i89i,April 13. W. T. LynB". 

The Transit of Mercury as seen at the Madras Observatory. 

G-ENTLEMEN, — 

The following notes on the recent transit of Mercury, as 
observed here, may be of some interest to your readers. Mr. Pogson 
being unfortunately disabled by serious illness from any active exer- 
tion, asked me to assist him on the occasion, and this I gladly did. 
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The telescope which I used was the Lerebours and Secretan eqi3 
toiial of 6^ inches aperture, and the power employed for observi 
the contacts was 102. Mrs. Pogson observed with the Trough to 
and Simms equatorial of 8 inches with an eyepiece of the sam 
power. 

The first contacts took place before sunrise, so that onlj thos 
at egress could be observed. Tlie early morning was cloudy, an^ 
until after 9 o'clock the Sun was only seen at intervals between 
clouds. For the last hour, however, the sky was fairly clear, bim 
the air was very unsteady. The first points to which attentioi 
was directed were the central white spot and the halo which hav 
been recorded on previous occasions. The white spot was distinctl* 
seen by Mr. Pogson and myself, and to both of us it appeared U 
be absolutely central. The appearance was exactly such as one cai 
produce by placing a small opaque disk in a l)eam of divergini 
rays, and it is hard to believe that the cause is not the same. N- 
trace of a halo could be observed at any time during the transit 
After making careful observations of the spot, 1 examined tb 
spectrum by means of a direct-vision spectroscope attached to th 
telescope. . The disk of Mercury formed a perfectly black ban 
along the spectrum, and there was not the slightest trace of ani 
thickening of the absorption-lines close to the planet. Probabl 
the power used was not sufficient to show this even if Mercur 
had a considerable atmosphere ; but the observation seemed to h 
worth making. The observations of the times of contact at egres 
were made with great difficulty on account of the unsteadiness c 
the air causing vigorous undulation of the limbs of both the Su: 
and the planet. The last internal contact was probably determine 
much more accurately than the last external contact ; but hot 
are recorded considerably before the times calculated from tb 
general reduction formulae in the ' Nautical Almanac' There we 
no sign of any ligament or black drop ; but just before the las 
external contact the part of the planet still on the Sun's die 
appeared like a black triangular notch, which seemed to disappet 
and reappear repeatedly before Mercury was clear of the Sui 
The following are the reduced Madras mean times of contact f 
observed and calculated : — 



> 


Madras Mean Times. 


Observed. 


Calculated from 


Mrs. Pogson. 


C. M. S. 


N.A. Formulae. 


Last Internal Contact... 
Last External Contact... 


h m B 

• • • • • 

22 9 42 


h m 8 
22 5 2 

22 9 28 


h m 8 
22 6 53 

22 I z 48 
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Mr. Pogson had his favourite Smythian telescope of 3^ inches 
aperture, with a power of 95, in readiness in the open air; hut 
wind and bad definition rendered it useless except for an occasional 
brief and unsteady view, and especially so just at the times of 
contact. It is only fair to add that counting of clock or chrono- 
meter was rendered scarcely possible to him and to Mrs. Pogson, 
owing to the presence of visitors, who seemed unable to under- 
stand the necessity of quietness. All three telescopes were 
supplied with first-surface reflecting-prisras so as to render their 
full apertures available with moderately dark neutral tint eyepiece 
shades. 

There were two large groups of spots visible on the Sun^s disk, 
besides a small circular spot which looked very like Mercury 
except that it was surrounded by a well-marked penumbra. 

Madras, 1891, May 14. C. MiCHIB SMITH. 



OBSERVATORIES. 

G-BEENwioH. — The Annual Visitation of the Royal Observatory 
was held, as usual, on the first Saturday in June. The weather was 
fine generally, though passing clouds sometimes obscured the Sun, 
especially during the time of the partial eclipse, which many of the 
visitors watched with interest. The chief objects of interest were 
the stellar photographs (particularly a beautiful plate of the cluster 
in Hercules) ; the new building in the South Ground intended as a 
museum, and a nucleus for further additions ; a new transit pavilion 
in the Pront Court ; and the photographic records of earth-currents, 
which have recently been simply records of the new electric railway 
whenever it was in action, although the nearest wire is some miles 
from the railway. 

The Report of the Astronomer Royal calls attention to the neces- 
sity for largely increased accommodation in many ways, »nd it is to 
be hoped that the wings will be speedily added to the central 
building in the south ground, which was designed specially in view 
of such necessary extensions. One of the calls for more space 
comes direct from the Admiralty, who wish suddenly to largely 
increase the number of chronometers and deck -watches for the 
Navy. 

The regular work of the Observatory has proceeded along the 
usual lines. A project for determining the longitude of Montreal 
has been sanctioned by the Admiralty, and preparations are being 
made for beginning the work this year. 

Under the genial presidency of Sir W. Thomson, the Visitation 
Dinner was this year a great success. It was held at the Criterion 
Restaurant, the move from Greenwich to London being deemed 
advisable in view of the gradually changed conditions. The greater 
number of those present remained till an advanced hour, with 
every appearance of contentment. 
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Fabis. — In his report for 1890 Admiral Mouohez calls attentio 
chiefly to the completioo of the building for the great Equatorii 
coude and to the creation of a Spectroscopic Department. Th 
latter is at present under the direction of M. Deslandres, who i 
already earnestly at work. The Director then proceeds to make 
powerful appeal for the removal of the Observatory, or a great pai 
of it, to some spot outside Paris. This appeal has been made befoi 
and the scheme generally approved, but has not received sufficiei 
support to carry it into effect. Admiral Mouchez insists that tb 
matter is one of urgent necessity. One of the disturbing cause 
which make the removal necessary is of a rather novel kmd, vii 
the electric lighting of neighbouring streets, which makes stella 
photography impossible through fogging of the plate. But thei 
are five other good sound reasons for the change, any one of whie 
should be sufficient* 

M. Perigaud has taken over the superintendence of the Meridia 
Service from M. Loewy. Some changes of real importance, thou^ 
trifling in appearance, have been made in instrumental method 
The large gas-jet used for illumination of the field has been reduca 
to insignificant dimensions, " profiting by a remark of M. Cornia 
(M. Coruu is very strong on the point of reducing the si^ of su_ 
jets. He declares that a match- flame is several times more than^ 
actually necessary for the largest instrument, if a proper l^ns 
employed.) The silver circles for micrometer-drums have bfe« 
replaced by celluloid. The new mercury-baths work very wtf 
&c., &c. 

M. Loewy's work progresses. His devices for observing circus 
polars are receiving proper attention. The aberration -work bei ' 
practically finished, an. attack has been made on refraction with - 
its thermoraetric difficulties. M. Bigourdan and Mdlle. Klum^ 
have been active in the observations of comets and planets ; an 
the brothers Henry have taken 48 negatives of different regiorr 
and solved the problem of enlargement of negatives. 

We are glad to hear that the second volume of the Great Par 
Catalogue is nearly completed, with its accompanying volume 
observed positions. 

The report closes with a few words on the Moutsooris Obser^ 
tory, which was established for educational purposes in 1875. T- 
land assigned to this purpose was almost immediately bought ba- 
by the Municipal Council for a park at a price of 5000 francs, am 
with another 2000 francs generously given by M. BischoffsheS 
the original pavilions were solidly rebuilt, and since 1877 the t\^ 
equatorials, two transits, and photographic appliances of iZ 
establishment have been freely open to all who wished to lea- 
observing. Instruction is given on various matters besides actC 
observing, and the institution is apparently very successful. 

OxFOBD. — The report of the Savilian Professor cantains c:= 
sentence to which we must take exception, It is stated tWk 
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** firom peculiar circumstances not likely to recur for a long time, 
tlie Observatory work during the year has been both varied and 
«M?tive." The alteration we would suggest is only slight in form, 
to ^^it, the substitution oE " varied as well as active " for the last 
fear words ; but those who know Prof. Pritchard will sufficiently 
recognize the injustice he has done himself to prefer the emendation. 
The " variety " is that of a transition stage. " The coti^pletion 
of "the whole scheme of the determination of stellar parallax, as 
ori^ually conceived, may be said to constitute the second epoch in 
the History of the University Observatory. The publication of 
the photometric work in the * Uranometria Jfova Oxoniensis ' I 
regard as the first. In like manner the third epoch now com- 
mences with the construction of the Photographic Star Chart," 
Many happy returns to the 2-epoch-old youngster! 
. J^etails of the preparations for the new work occupy a con- 
siderable portion of the report. Mr. Plummer has quite obviously 
oeen **both varied and active." Prof. Pritchard's well-known 
*fection for a wedge has led him to devise one for measuring the 
photographic magnitudes of stars, as already described in the 
* M!on.thly Notices.* The financing of the new work appears to be 
?? satisfactory as all Prof. Pritchard's similar dealings with the 
^Jiiversity. An interesting relic associated with the two Her- 
*cb.els has been acquired tor the Library, viz. " a print of the 
4^-f OQt telescope from a negative by Sir J. Herschel, the earliest 
ever taken on glass, which may be said to be the foundation of 
'nodern photography." 

-t^OTBDAM.— An interesting account of the Potsdam* triad of 

^oser-^atories (Astrophysics, Meteorology, and Geodesy), contri- 

^JJ^cl by the respective directors, has been officially published. 

^^ Jhistory and work of each is fully detailed, and excellent plans 

?5^ illustrations are added. The Astrophysical Observatory con- 

'^^^fi itself the child of the stirring events of 1870. The idea of 

^*^ an observatory had been entertained for some years, but the 

*^^^^1 establishment of it first became possible ** through the new 

^^^'titution of the Q-erman Empire after the glorious war of 1870 

« 5*- ^871, and the consequent demands on industry and commerce, 

^nd science. 



^^ ^''^ jLTiOAjr. — We are glad to see the first fascicule of the publica- 
^^1^^^^,* dated 1891. It opens practically with the Papal Brief, of 
i^.^^^^2h Father Gertie gave an account last month (No. 176, p. 226), 
i^^/^ which constituted the Observatory.. Then follow an historical 
^^yj^oduction and two papers on Astronomical Photography, to 
^^/^^^^h the observatory is to be at present devoted, the first of 
^^^e being a general review of this department of Astronomy 



_ Die kdniglichen Obsenratorien fur Astrophysik, Meteorologie und Geo- 
^^ bw Potadauu Berlin: Major &. Holler, 1890, 
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from its rudimentary stage to the present culmination in the work 
of the Chart, and the second an account of a visit to Paris by 
Father Lais. The observatory being yet in its infancy, there are 
but few observations (chiefly meteoric and meteorological) to 
record ; but it is an excellent start to publish whatever there may 
•be without delay ; and there is after all a good deal in i8o pages 
quarto. 

San Fbenando. — Capt. J. Viniegra has been appointed Director 
in succession to Capt. Fujazon, whose sudden death we announced 
some few weeks ago. 



PUBLICATIONS. 

"West-Afeican LoNGiTrDES. — *' The longitudes of many places 
on the West Coast of Africa have long been in doubt. When, 
therefore, at the end of 1889 telegraphic connection between St. 
Paul de Loanda and Cape Town was on the point of being com- 
pleted, the opportunity of utilizing the cable presented by the fact 
that Commander T. F. PuUen was to be relieved from command of 
H.M. surveying- vessel " Stork ** at Simon's Bay was gladly seized, 
and it was arranged for him to visit in one of H.M. ships as many 
of the stations where the cable touched as was possible and were 
considered healthy, so that he might determine the differences of 
their longitude from the Cape Observatory, an object in which the 
Astronomer at the Cape warmly cooperated." In these words the 
Hydrographer introduces to us the results of the work of Com- 
mander Pullen, which cost him his life. Both the quantity and 
quality of that work are astonishing. On 1889, June 10, Com- 
mander Pullen arrived at the Cape Observatory, knowing scarcely 
anything of what was required of him. Within a few months he 
had mastered the subject and determined the longitudes of Port 
NoUoth, Mossamedes, Benguela, St. Paul de Loanda, Sao Thome, 
and Bonny ; but on November 2 he died from malarial fever con- 
tracted at Bonny on October 27. And although he was only 
armed with a vertical circle, which seems to have had some instru- 
mental defect only subsequently discovered, the accordance of the 
results points to such extraordinary care and skill on the part of 
the observer as to recall to Dr. Gill, who has reduced and published 
the observations, a remark of Prof. Winnecke, " that the best 
possible training for an astronomical observer is a long course of 
accurate work on land with the sextant." 

The details of the operations are perhaps too technical to in- 
terest the majority of our readers, though we must pay a tribute 
in passing to the skill of the editor, Dr G-ill, who has had to deal 
with a set of observations affected by that tiresome class of instru- 
mental defect which is only discoverable from the reductions, and 
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-w^lich seems to have been in this case a dropping of the wire frame 
-fclirough a few seconds of arc. 

But an important sentence occurs, made in the concluding re- 
marks, viz. : " It is worthy of note that in the determination of 
all these absolute longitudes (with the exception of Bonny) by far 
tHe largest source of probable error lies in the determination of the 
longitude of Aden. It would be of considerable interest therefore 
fco redetermine the longitude of Aden with the utmost possible 
re:G.rx emen t .'' 



NOTES. 

HE Past Summer in Austbalia. — By a meteorological report 
r^C5^ived from Mr. Todd (Adelaide, Australia) it appears that the 
p>a.s'fc summer in Australia has exhibited some remarkable climatic 
coxxditions. With one exception, that of 1884-85, the summer 
3VLs"fc concluded has been the coolest since the Observatory records 
l3egan in 1857. Mr. Todd makes a detailed comparison of these 
"fc^vvo summers, and, briefly summing up, finds that the summer of 
X 884-85 was very cool, rather cloudy and wet, with a mean baro- 
xnetric pressure about the average, whilst this year it was very 
^<^>oI, very clear and dry, with a high mean pressure. As to the 
prospects of the coming winter, it has been found, from an exami- 
nation of previous records, that a " cool summer with a high baro- 
meter " is followed by a dry winter in eight out of eleven cases ; 
out IMr. Todd hopes that the coming winter may prove an ex- 
ception to the general rule. 

-A. GOODLY company assembled at the Boyal Institution on 

Wednesday, June 17, at 4 of the clock, to hear Lord Bayleigh 

Aectixxe on Faraday. This and another lecture by Prof. Dewar 

^ero arranged to celebrate the Faraday centenary. The Prince of 

^ales presided, and after the lecture admitted several distinguished 

|oreign3j.g to honorary membership of the Institution. The pub- 

^shed list of such admissions was a long one, but only four of the 

^otoinees were present in person to receive the portfolios con- 

tainiijg their diplomas. In the lecture Lord Kayleigh concisely 

expounded Faraday's physical discoveries ; and it was rather the 

"^aixrier than the matter of the exposition that was at all new ; but 

p^® point was specially interesting. The lecturer had found in 

araci^y^g notes a description of waves seen on rare occasions in 

th ^^^Jt^ water on a flat beach, with crest parallel to the direction of 

^ ^^ind instead of perpendicular to it as usual. He could not 

^- ^^Xit for these theoretically ; and almost doubted the observa- 

L 5^_y*^2itil recently, when he had been able to verify it himself ; 

jj -| *^^ " still doubted whether anyone but Faraday and himself 

att** ^>^er noticed such waves ; " ^nd the matter was significant as 

^'ting Faraday's wonderfully keen powers of observation. 
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Wb had iftlreadj in type, as an addendum to the letter of Pi*of , 
Micbie Smith on p. 267, an extract from a personal letter sent at 
the same time which spoke of the serious nature of Mr. Fogson's 
illness. Only too quickly was this folio \red by the news of his 
death, which will come to many as a great shock. Mr« Pogson 
has been for a long spell of years in India without returning home 
at all ; and has not conspicuously Succeeded in overcoming the 
peculiar difficulties of his task as Director of the Madras Obser- 
vatory. But his earlier work, especially that at Oxford, has made 
his name familiar to all. He discovered in all 8 minor planets 
and 20 variable stars ; but the simple suggestion for a uniform 
scale of star magnitudes is probably his best claim to fame. 
Mr. Pogson was 6^ years old, and had been at Madras since 1861. 
He died on Tuesday, 1891 June 23. 

New Method fob DBTEBMiirrao ABHBBATioir. — The failure of 
Talcott's methods for determining aberration, owing to the alleged 
variation in the latitude, has led Br. Kiistner, of Berlin, to devise 
a new method*. The difference of declinations of two stars, 
deduced from meridian zenith distances on the same day, is inde- 
pendent of the particular value of the latitude on that day ; but 
if the stars are separated in E.A. this difference will be affected 
by aberration, the factor being a multiple of cos ^ sin i(**i — "a)? 
where a^ and a^ are the right ascensions and 5 the mean decli- 
nation of the two stars. If, then, a series of stars be selected at 
'Nearly the same declination 3, and at E.A.'s a^, a^, a^^ &c. ; and 
these be observed in pairs at a place latitude 0, and consecutive 
differences of declination formed round the cycle, the sum of these 
differences (which should be zero if there were no aberration) is 
the constant of aberration multiplied by 

2 sin 9 cos 5[sin |(aj-ajj) + sin i(a^—a^) -H . . . +sin |(a„-aj)]. 

The constant of aberration can thus be determinated from the 
sum of these differences, and is best determined when this factor 
is large, t. e. when 

(i) is large, or the place of observation is as far north as 
possible. 

(2) The differences aj^— a,, a^— Og, &c. are all equal. If there 

27r 

are p of them the value of each will be — , and the factor becomes 



(psin - I sin ^ cos ^, 



which increases as we increase p. 

When j9x= 2, the value of the bracket is 2 ; and when p is infinite, 
the value is w. In practice not much is gained by increasing it 
beyond 3 or 4. The method thus comes to this : — Choose (say) 
4 stars, or groups of stars of nearly the same declination, and of 
E.A.s a, a + 6^, a + i2^ a+i8\ Observe declinations of the 

* Astr. Naoh. No. 3015. 
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iarst two on the same night for ad miitiy nights as are convenient 
&x»-cl daylight allows. Then continue with the second and third ; 
tli^en with the third and fourth, and finally, the fourth and first. 
Ox3i adding together the differences of declination the sum will be 
fo nnd to differ from zero, and when divided by the above factor 
v^^illgive the constatit of aberration; and this result will be inde- 
j>^5Xident of any but diurnal changes in the latitude. 

IDr. Kiistner considers the application of the method in practice 
loTT different instruments, and gives an example of the method 
fr-otn Z.D.s observed at Berlin by Dr. Marcuse, the constant of 
aberration coming out 2o"*490 + o"'oi8. But this is only a pre^ 
lixxiinary example. 

Vaeiablb Stabs op Long Pbeiod. — We should like to call 
a,"fct:ention to a Harvard circular asking for cooperation in the 
observation of ^7 circumpolar variables of long period. "Many 
astronomers," it runs, " provided in some cases with excellent 
telescopes, find difficulty in using them in such a way as will really 
a-tiv^ance astronomical science. The study of these variables seems 
especially adapted to such cases. Except the telescope itself, no 
delicate apparatus, like clock-work or micrometer, is required.'* 
-l^lie subject of investigation is the light curve of these stars. The 
^e-fclnods to be followed are clearly and simply explained in the 
<?ii'c\alar,a copy of which can be obtained from Harvard College by 
sixoH as desire to take part in the work. " All persons observing 
"fcli^ variable or comparison stars according to the system described 
at^o^e are invited to send their results to Cambridge (Mass.) for 
^ed viction and publication on same system as our own observations. 
• - - Should this work commend itself to astronomers, it is hoped 
"^^^ extend it to the other variables of long period." 

Double Stars. — In the 'Astronomical Journal,' No. 241, Prof, 
^^lasenapp gives some measures made in 1 890 of fourteen stars 
^ot>ed as double in the ' Uranometria Argentina.' With two ex- 
^ptions, which are also in Mr. Burnham's Catalogue ()3 347 and 
^ ^39), these are the first published measures, as no measures 
7^^ re made at Cordoba. The observations were made at GourzoufE 
^'^ the Crimea with a 6-inch refractor, and form really only a small 
Pc^i-tion of measures of 400 doubles made at the same time. Can 
^^ have the remainder ? 



r^ ^^AM^siT OP Meectjbt, 1 89 1, Mat 9-10. — Adelaide (Mr. C. 
^dd^ C.M.Q-.). — The ingress was observed here under very 

,^^Vijable conditions, the Sun's limb and the projection of the 
f ^O.^t on the Sun's disk being very sharply defined. At egress, 
rni ^^^ver, the definition was bad and observation of contact difficult. 
^^ phenomenon of the black drop was very distinct. A careful 

^tr^^lj ^g^g VQi^t for the planet, but nothing of it was seen after it 
^ ^^^d off the Sun's disk. Mr. Todd was one of the observers who 

^''^ Tenus plainly after the transit of 1874. There was at times 
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a suspicion of a faint shading round the black disk of the planet 
during transit. Mr. Todd also thinks he saw some greyish 
markings on the planet itself, but says the impression was very 
doubtful and only mentioned for comparison with other observers. 

Gottingen (Schur). — The observations here ought to possess 
some value, as no less than eight observers successfully noted the 
contacts. 

Breslau (Q-alle). — Here also the transit was observed by three 
observers under favourable circumstances. 

Christiania (Qeelmuyden). — Two observers noted the times of 
contact. 

Heidelberg (Wolf) ; Gem (Krieger). — At both Observatories the 
definition was very good. 

Dresden (Engelhardt). — Images unsteady. Observation not worth 
much. The disk of planet was noted as much darker than the 
neighbouring sun-spot. 

In all the above the black drop was distinct and several times 
observed ; at Jena no drop was seen. 



The Mebidian op Q-eeenwioh. — M. Tondini de Quarenghi 
thinks the meridian of Greenwich is un suited to be a universal 
meridian because the climate is so bad. He says so in a note to 
the French Academy * ; and that of Jerusalem cuts the equator, 
the two tropics, the circle 45° N., and the arctic circles on dry land. 
We are anxious that the question should be considered on all its 
merits, and are glad to help M. Tondini by stating these facts, 
though we are not responsible for pointing out their importance. 



Peobable Aveeage Paeallax.— Dr. Kleiber, referring to the 
well-kno\^Ti fact that a comparison of the spectroscopic results for 
motion in line of sight with the proper motions in arc will give a 
probable parallax, finds from the Potsdam spectroscopic results an 
average parallax of o"*o7 for stars of the ist and 2nd magnitudes. 
He has previously shown how to estimate this parallax in another 
way by counting the number of stars already discovered (see No. 162, 
p. 185), and by this method finds o'''i2, which he considers dis- 
appointingly different from the former result. We are rather 
inclined to think the accordance very good for two such methods. 

It is always pleasant to hear of new developments of astro- 
nomical activity; and though the Astronomical and Physical 
Society of Toronto is now more than a year old, the annual volume 
of 40 pages quarto which we have just received is the first serious 
evidence of its birth. The meetings have evidently been success- 
ful. Not attempting too high a flight at first, the few members 
present have read together an interesting paper from some astro- 
nomical publication, or one of them has given an account of some 
important piece of work. But the Society already shows signs of 
passing out of this early stage, and we heartily wish it a pros- 
perous career. 

* 0. R. cxii. p. 1 189. 
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Notes on Observations of Meteors. 

^■3? about the end of the third week in July the meteoric season 
naay be said to commence, for twilight is then leaving the midnight 
^ky and the Perseids begin to manSest themselves in force. It is 
at tHis period that a great rise becomes apparent in the visible 
"^^naher of meteors, for many Aquarids as well as Perseids are 
usually seen, and especially so at the close of July. The meteoric 
observer should therefore trim his lamp in preparation for renewed 
vigils and thoroughly utilize a season which offers every induce- 
i^aexxt to successful and agreeable observation. The nights are 
^^aiTtn and often clear. Meteors are uncommonly plentiful. 
Several of the most interesting streams are displayed, and on the 
^ivHole the prospect is one which guarantees an abundance of results 
to t»he active observer. 

The work of recording meteors accurately is one needing con- 
siderable practice before desirable ptoficiency can be attained. 
-A-n observer coming fresh to the work is apt to be confused at the 
suddenness of the phenomena and his earliest impressions are 
^T'ely to be depended upon. He is not accustomed to deal with 
such fugitive objects, and is certain to find that they exhibit a very 
6iTatic and untractable disposition. Just when he turns to the 
®*®t he catches an imperfect glance of a meteor falling in the 
south, and then he decides to watch the latter region only to be 
*^^^ deluded, as a bright meteoric flash comes from the point he 
J^s 'vvatching before ! It is very rarely that an observer is looking 
^6C"bly towards the exact place of a meteor's apparition. He 
§^^Br«jJly has to turn a little to catch the object, and is almost 
fl'^K ^ ^^ perplexed and uncertain in estimating the direction of 
ahi^' But with more experience he gains confidence and is soon 
^ t;o acquire a fair degree of precision. His observations accu- 
^^r^tse rapidly and are found to indicate a series of radiant-points 
rj^^Vi he carefully tabulates and compares with previous records. 
^ interest in his work thien increases as he finds that several d 
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his newlj-determined radiant-points corroborate showers already 
reoognieed by observers, while several others are probably new an( 
their activity only recently developed. 

To stand and gaze skywards, simply recording the meteors 
they appear, is not in itself a proceeding that maintains interest 
it is rather the discussion of results and comparisons that encoi _ 

the observer to renewed effort. Every shooting-star has a sign^^5_ 
ficance and a history, and it is the observer's duty to learn as mac::;:::^*}^ 
of these as is practicable from the evidence of his eyes. 

Observations are best conducted from a garden, for an op ^^en 
window permits only a limited view of the firmament. A poaa^i. 
tion out of doors enables the observer to glance to any regi^^^n 
of the sky and should a large meteor appear he will be able "fco 
record it even should it fall in a part not comprised at the mom^^xit 
within the field of observation. The light of such an object ^^^p-ili 
cause him to turn round in time to catch the end of the path, 
very cold weather an open situation is uncomfortable, but its adv: 
tages are obvious. 

' The observer must have his star-charts or celestial globe 
him so that the meteors may be quickly registered. A bull's— eye 
lantern will also be required, but its direct light must be k:ei>t 
; from entering the eye, for i£ the pupil becomes contracticd it is 
impossible to discern small meteors. A chair with the ba<5i 
suitably inclined is also a desideratim ; but on a warm night, if 
meteors are rare and the. observer not very actively employ^, imis 
comfortable position induces sleepiness and he has as much as l^e 
. can do to keep his eyes open. A convenient way of observation 
is to lean against a horizontal bar, about 3 J feet from the groun-<3, 
as this prevents the fatigue that would be occasioned by standii3-g 
for some hours and allows the observer to assume a posture whic^h 
does not bring on cramp in the muscles of the neck. 

Some contrivance is needed to assist eye-estimates, and this ^ 
found in a straight wand which the observer should hold in t»^s 
' hand and project upon the path of each meteor directly it is se^*** 
He may then note its direction accurately and reproduce the p»*h 
on his chart or globe. When the special object of the observer is 
to determine radiant-points, the exact places of beginning and ^^"^^ 
of flight are not such important features to observe as the directicf'^') 
but when the work is undertaken with a view to secure doul>-l6 
observations and compute the heights and real paths of meteoi**» 
then it is most essential to be precise as to the places of appearand 
and disappearance. 

One of the most difficult elements in meteoric observation is *^ 
estimate the durations of flight correctly. In the case of very 
swift meteors this is impossible, as the time of visibility is 1^*^ 
than one second, and in many instances the apparition is simply 
an instantaneous flash having no sensible duration. With reg^'" 
to slow meteors approximate values can be ascertained by counties 
at a moderate pace and then, when the meteor is gone, repeating 
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•ocess and deriving the interval occupied by comparison with a 
.. I managed to acquire tolerable proficiency in this work by 
ig a friend to discharge arrows from a bow while I estimated 
times of flight and simultaneously determined them by means 
top- watch. Practice at this will enable anyone to secure 
ite results for slow meteors, for when the duration is 3 or 
Inds the error of estimation need not exceed 0-3 second. It 
iriaable under any circumstances to give the durations of 
eteors recorded, even though the observer is conscious that 
blues are affected by large probable errors. 
J particular features of each meteor should be noted, for 
s the " divining rod '* from which their radiants may be ascer- 
[. Streaks, trains, crooked paths, swift or slow motions, 
)r short courses, &c., &c., are criteria of the utmost signifi- 
and must be registered for every object. The observer, in 
; his results, will then be able to allot the meteors to their 
its with some degree of confidence, and he will find that 
shower has distinguishing features by which it may be 
lized. 

5 discursive motions of meteors on ordinary nights of the 
lave often occasioned surprise. Their lines of flight are not 
tent with two or three centres of emanation ; indeed, their 
ons are so various that a spectator may well fancy them to 
ttered broadcast over the firmament and quite uncontrolled 
f law of radiation from definite points. This arises from 
luses, namely, the large number of streams in simultaneous 
nd their extreme tenuity. There are some scores of showers 
Ion on every night of the year, and many of these do not 
.rge more than one meteor in 7, 8, or 10 hours in the sphere 
on commanded by a single observer! These facts show the 
lity for prolonged and accurate observation and for close 
ion to all those details which alone can enable the observer 
criminate between real and false radiants and to single out 
ustworthy positions. 

5 great abundance of feeble showers renders it imperative 
bservations during several nights should be combined, for by 
oeans only is it possible to locate the radiant-points with 
. It may be thought that a display yielding only one meteor 
mt 8 hours is incapable of being determined, but this is not 
ase: an observer of experience will find it practicable by 
ing all through the night, by undeviating precision in re- 
ig the directions of flight, and by fully considering all those 
ranees which assist in the identification of the radiants. It 
Y interesting, though critical, work watching for these ex- 
Jd streams, for a really difficult object gives zest to the 
it, and the observer is often more gratified with a success of 
ind than with one more easy of attainment. 
^ paths of meteors seen should be registered in a book ruled 
e purpose and the place of the assumed radiant appended to 

x2 
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each one. Then when the observations have been continued fo 
several years the observer may institute comparisons amongs 
those seen on nearly the . same dates in each year and he wi^ 
probably detect some tenuous showers which were too weak t 
fully manifest themselves in the results of a single year. 

A record should be kept of the number of meteors visible dxmm 
each hour of observation. This will ultimately enable the a 
server to deduce the horary averages for the difEerent montl 
and to find the relative numbers for the difEerent hours of t: 
night. 

In any comparisons with other observations or in any investi^ 
tion or theory depending upon the radiants of ^'arious observ 
extreme caution must be exercised. It has been truly said t>! 
" figures may be made to prove anything ;" and this is forcibly s 
plicable to discussions based on the radiant-points of meteors, 
anyone has an idea with respect to the grouping of radiants » 
stationary or shifting radiants, or to their duration or dlfihisioa, 
may, from the mass of incongruous results of past observers, eas 
obtain the figures to suit his views. The whole subject is co 
plicated in an extreme degree, and I would advise the observer 
his pursuit of truth to work independently of all previous resul 
After-comparisons will, of course, be useful, but his observatio 
should be absolutely iree from bias and untrammelled by ai 
attempts to make them amenable to theory. 

Much has been accomplished in past years, but meteoric astr 
nomy is one of the youngest branches of the science, and is fa 
from being developed in a thorough manner. As in the depar 
ment of comets, so in this, there are some prominent facts « 
observations which have yet to be explained. • Diligent observe: 
in the future will doubtless accumulate evidence that will enab 
present doubts to be cleared away. Among the points requirir 
further attention I may mention the following : — 

1 . Stationary Radiants, — Do meteors radiate from identical poin 
in the heavens for several months in succession ? What are tl 
differences of motion shown by the meteors from these stationa 
radiants (if existing) as their positions change relatively to t] 
earth's apex ? 

2. Moving Madia/nts, — ^The fact of displacement in a radiant 
proved by the August Perseids, "What are the positions of tl 
shower between July 8 and i8 and August 15 and 20, if visil 
during those epochs ? The direction and rate of the displaceme 
(suspected) in the Lyrid radiant (April 18-21) requires furth 
observation. The other periodical displays should be closely watch' 
during their activity for traces of change. 

3. Diffuse Radiants, — To what degree are radiants diffuse ? 
this diffusion real or chiefly to be ascribed to observational errc 
and to the allotment of meteors to their wrong centres ? In c»^ 
of obvious diffusion (such as the Andromedes of Nov. 27) is " 

. area round or elongated ? 
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4. Meteor Heights, — ^In c^*taiii instances of doubly observed 
meteors their beginning heights have been found to exceed 100 
miles. Further reliable oases of this will be interesting. 

5. Andromedes. — Do the meteors of Biela's comet (Nov. 27) 
form a complete ellipse and become visible every year like the 
Leonids, Perseids, Ac. ? Is the shower widening with time ? Its 
obser-Ted duration in 1885 was much greater than in 1872. 

5. May Aquarida, — Is the radiant-point of this display at 
326^ -2°(Tupman)or337=' — 2°(Denning)? 

7. -2fumher of Meteors, — At what time of the night is the maxim um 
of meteors observed, and does the hour vary with the season ? 

Tbe elucidation of these and of other points that might be 
suggested will, no doubt, receive proper attention in future years. 
The utility of storing up observations of many hundreds of feeble 
showers is perhaps questionable. But we certainly need to learn 
more of the behaviour of the known svstems, and to watch these 
narrowly, tracing their vagaries to just causes. This will furnish 
ample work to those who enter this delightful field of observation. 
Bristol, May 16, 1891. W. P. DBlTNnrG. 



The Measure of the ^%nd Parallel in Europe *. 

Thb measure of the 52nd parallel in Europe, between Valencia in 
Ireland and Qrsk in Bussia, on the borders of Asia, was proposed 
in 1 86 1 by W. Struve and Baeyer, and approved '>y both Belgian 
and Eaglish astronomers and geodesists. Of all arcs parallel to 
the equator and traversing our part of the world, it is certainly 
the longest (69!°) ; and it is also fortunately very easy to measure, 
'^^ it crosses countries with very few mountains. But for the 
^"^pletion of this great work it was necessary, not only to labo- 
riously reduce the geodetic triangulations already made in 1861, 
"J^t to undertake new triangulations, and to connect them with 
those previously made, and this by methods not always the 
sanie. The greatest part of the work fell on the Bussian geo- 
<iesi8t8; and their work has quite recently culminated in the 
Publication, in two quarto volumes t, of the report on their 
S^^etic operations and reductions for the measure of the Eussian 
poison (39° 47') of the arc. In presenting this work and the 
^^eral map of the triangulations between Valencia and Orsk to 
® A.cademy, I have the honour to make the following remarks in 
®^lanation :— 

|. ^- Ihe Map represents, as I have mentioned, all the triangula- 

^^» in existence along the 52nd parallel in Europe, which have 

^^^ as a basis for the calculation of the arc in question. But 

t ^2j»Mlated from * Comptes Bendus,* oxii. No. 10, p. 512. 
^ ^^^^^moires de la Seetion topo^raphique de T^tat migor gto^ral russe, Vols. 
ig ** <^7. Publics sous la direction du <3-^n6ral Stebnitsky : St. P^tersbourg, 
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these calculations are only complete from Haverfordwest in "Wales 
to Nieuport in Belgium, and again from Tchenstokhov in Poland 
to Orsk. There are thus two lacunas to fill in this great inter- 
national work — the first from Haverfordwest to Valencia; the 
second from Nieuport to Tchenstokhov. The length (in degrees) 
definitely measured is thus not yet 69^°, but only 47 1° (7|° in the 
English part and 39 J° in the Russian) ; 22° remains to be 
measured. 

2. The results of the English operations between Haverfordwest 
and Nieuport were published some time ago (1867) by Capt. 
Clarke ; but the Irish network, to Valencia, is still to be reduced. 

3. The German and Belgian network and reductions are not 
yet complete, for the German geodesists wish to publish them in 
German, which will be done under M. Helmert's direction. 

4. The Eussian part of the 52nd parallel whose length, east 
of Tchenstokhov, is definitely established contains 39° 24' of longi- 
tude, and has no break. To determine the length in metres, 364 
spherical triangles have been calculated, 114 of which belong to a 
control triangulation made by M. Jilinsky. 

5. The numerical results of the measure of the Russian arc 
(Tchenstokhov — Orsk) and of the Anglo-Belgian arc (Haverford- 
west— Nieuport) are collected in the following Table * : — 



Chief stations of the 
r^seaus and arcs. 



A. Bussian Arc, 

1. Tchenstokhov— Varsovie ... 

2. Varso vie— Grodno 

3. Grodno— Bobrouisk 

4. Bobrouisk — Orel 

5. Orel— Lipetzk 

6. Lipetzk— Saratov 

7. Saratov— Samara 

8. Samara— Orenbourg 

9. Orenbourg— Orsk 

Total for Bussia 

B. English Arc, 

1. Nieuport— Greenwich 

2. Greenwich— Haverfordwest 

Total for England 



Geodetic dif- 
ference of 
longitude. 
=L. 



o 
I 

2 

5 
6 

3 
6 

4 
5 
3 



53 
48 

33 

50 
22 

26 

2 

I 

27 



5777 

lO'I2 
38-38 

1477 
24*02 

12*99 

3494 
27*02 

23*22 



39 26 3-23 



2 45 3071 
4 57 44*33 



7 43 1504 



Astronomical 




Length of 


difference. 


/-L. 


arc in 


=/. 




metres. 


1 u 






I 54 8-85 


-f ii'o8 


131854-1 


i 48 3*45 


- 6*67 


192501*4 


5 33 46*50 


+ 8*12 


370462*1 


6 50 2370 


+ 8-93 


469605-9 


3 22 18-15 


- 5-87 


243027*2 


6 26 25*35 


+ 12-36 


441906*5 


4 2 21-60 


-13-34 


277521*1 


5 I 35-85 


■f 883 


344917-6 


3 i6 47-70 


-35*5^ 


237290*8 


39 »5 51*15 




2709086-7 


2 45 25-20 


- 5-51 


189460*1 


4 57 4860 


+ 4**7 


340819*4 


7 43 i3'8o 




530279-5 



* There are obyiously several misprints in the Table as given in the 0. E. : 
those in columns L, /, and /— L have been conjecturally altered ; but Uie total 
for last column (Russia) is given as 2709132-8, and if this is correct there is no 
internal evidence to show which of the items is in error. — H. H. T. 
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These figures give for mean length of a degree of longitude on 
^he 52nd parallel 

III Eussia . . . . 68^'°'64i2, 
In England . . 68^-6880, 

^hich proves that the length is not the same all over Europe . 
We arrive at the same conclusion by considering different parts of 
bhe Bussian arc itself ; e, g, 

Yarsovie to Grodno 68*'"**7662, 

Samara to Orenbourg .... 68*'°'*6556, 

•;^hence it results that the 52nd parallel, in Europe, is not a circle 
z^ut a nondescript curve approximately circular only; or the 
Earth's surface is so far not an ellipsoid of revolution. 

The accuracy of the above figures on which this conclusion 
cJepends seems to be guaranteed, for — 

a. The geographical positions of the fundamental points of each 
t:rigonometrical network have always been determined, at any rate 
in Kussia, with good instruments, and observations repeated sia^ 
'times ; the longitvdes are telegraphic. 

6. The geodetic operations have been controlled in Eastern Russia, 
1)y an independent measure, by a single observer, who did not take 
part in the original work. 

It thus appears that the 52nd parallel is not a circle ; and a 
similar result was found for the 42nd parallel in the United States. 
Consequently, the Earth is not a perfect spheroid, 

ViNUKOFP. 



Selenographical Notes. 

Stintiisb on Schickaed. — A very moderate change in the angle 
of illumination at sunrise makes a great difference in the appear- 
ance of the western wall of this formation, — to such an extent that 
much of the curious and complex detail revealed before a ray of 
light reaches the interior is in a great measure untraceable when 
the loftier portions of the opposite border are in sunshine. 

At 8*^ 45"" on April 20, this year, the western wall was on the 

terminator, and no part of the floor illuminated. Under a power 

of 350 it was a beautiful object, exhibiting a bewildering number 

of passes, depressions, craters, valleys (mostly intersecting the 

border obliquely), and of hills with long spurs running out to 

nothing on the surface of the neighbouring plain. The valleys 

are mostly shallow, and the hills of no great altitude. There 

appears to be a complete absence of concentric mountain-ranges, 

i. e, of ranges parallel to the contoiu* of the formation, the border 

consisting principally of short hill-sections presenting a convex 
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front to the interior, and ultimately trending towards the 
south-west in the southern half, and to the north-west in the 
northern half of the wall. Thii^ succession of curved inflexions is 
well shown bj Schmidt and Madler, but no drawing, howevei 
carefully executed, can give more than a general idea of the in — ._^ 
.tricacy of the orcumvallation or of the detul displayed dming th^^^ 
early stage of sunrise. 

At about 9^ the first rays of sunlight reached the floor over 
low section of the soufch- west wall, illuminating a small rectanguh 
area, apparently a little north of the ring-plain a in Neisoi 
Map ]S^yi. A bright little crater, casting a long spire of shadow 
was noted on the western side of this area, and in the midst 
the darkness, about midway between this and the south-east 
(which was just coming into sunlight), another somewhat 
crater was yisible, which, though not traceable in the maps, apx 
to stand very close to a. As sunrise advanced two isolated ov 
shaped patches of the floor immediately north of the rectanguT 
area came into view, evidently representing slightly elevated 
tricts thereon. I was not able to watch the progress of 
illumination of the interior after 9^ 30"^, but if this was carei 
done from first to last the position and character of many ui 
corded objects (especially craterlets) and of doubtful featrm 
might be easilj determined. The interior of Schickard abo, 
in interesting detail of every description, much of it well wit 
the grasp of a good 4-in. acluomatic, if examined during a suitf 
phase. The region on the eastern side of the floor inclu_ 
numerous rills, crater-rows, ridges, &c., which, under a low m( 
ing Sun and good conditions of libration and definition, would f( 
a most useful and interesting study. I devoted some time to tb- 
details during the year 1884, and puMished a drawing of 
observations made during the September lunation of thiat y^^ 
which will be found in the * Journal of the Liverpool Astronomi 
Society ' for December 1888. 

In the country north-west of Schickard is a group of conspicuc::^ 
ring-plains, Phocylides d, G, h, t, Ac., which are well worthy^ 
examination. The largest, d, has, I believe, a central mount:^ 
which has been apparently overlooked, possibly because it is o^ 
visible under a low Sun. East of this is a curious C-sha^J 
formation, resembling an incomplete ring, lacking a border on 
east. The agreement between the maps of Madler and Schir^ 
in this region, even as regards minute objects, is very striking. 

The crater shown only by Schmidt on the south-east waO 

Drebbel was indicated on April 20th by a distinct notch in 

rim of this formation. 

Beaumont House, Shakespeare Eoad, Thos. Qwtn EIiOEH 

Bedford, 1891, July 18. 
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COEEESPONDENCE. 

To the Editors of ' The Observatory.' 

Assyrian Eclipses. 

Gentlemen, — 

It is somewhat remarkable that in aone of the ancient 
Egyptian inscriptions which have hitherto been examined is any 
record to be found of an actual eclipse of either the Sun or Moon, 
although obscure allusions to the fact of such phenomena taking 
place have been, as Mr. Eenouf has pointed out, in several cases 
met with. It is well known, indeed, that Brugsch thought, not- 
withstanding the objections of Chabas, that in an inscription made 
at Thebes in the reign of Thakelath (Tiglath) II., of the twenty- 
second dynasty of Egyptian kings, mention is made of an eclipse 
of the Moon. I referred to this matter in the number of the 
'Observatory' for April 1888 (vol. xi. p. 197) and pointed out 
that no ecUpse occurred at the time mentioned. Mr. Eenouf has 
since informed me that the • inscription, rightly interpreted, so far 
from stating that an eclipse took place, states in fact the very 
reverse. It is scarcely worth while to refer to George Smith's 
theory that the eclipse of April 4, B.C. 945, is referred to in this 
inscription, since its true date is nearly two hundred years after 
this time. 

But two, if not three, eclipses (of the Sun) do really appear to 
be recorded in the Assyrian inscriptions. The first of these occurred 
in B.C. 763 on the 15th of June, and was total in or near Nineveh. 
There appears no reason to doubt that it is mentioned in the 
Assyrian so-called 'Eponym Canon,' which was interpreted by 
Sir Henry Eawlinson in 1862, from the fragments of terra-cotta 
tablets brought over by Sir A. H. Layard and placed in the British 
Museum. . The inscription in question states (as kindly translated 
for me by Mr. T. G. Pinches, of the British Museum) that in the 
" Eponymy of Bur-sagale, governor of Gozan, a revolt in Assur 
[the city] took place in the month Sivan and the Sun was eclipsed." 
This, according to the Canon, was in the eighth year of the reign 
of Assur-day-an, and the record must be allowed to hx subsequent 
dates in the Canon with a great precision. For although Oppert, 
by assuming a lacuna of 46 years in it, endeavoured to identify the 
eclipse with the annular one of June 13, B.C. 809, there seems 
little ground for this or doubt that the view of George Smith is 
correct, and the eclipse the total one of June 15, B.C. 763. 

An eclipse is also mentioned in an Assyrian tablet in the British 
Museum, which would seem to have occurred in the reign of Esar- 
haddon. Mr. Pinches thus translates the portions referring to the 
eclipse : — " Since the king my lord went to Egypt, an eclipse has 
taken place in the month Tammuz [correspondmg nearly to our 

own June] When I brought the account of the eclipse of the 

month Tammuz, I sent it away to the presence of the king." 
It is very difficult to identify this eclipse with any resulting from 
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calculation ; the only conjecture I can make is that it may have 
been one which occurred on the 27th of May, B.C. 699, and was 
annular in India. 

The immediate successor of Esarhaddon was Assur-bani-pal. 
An inscription made in his reign was interpreted by Fox Talbot 
(see the Transactions of the Society of Biblical Archaaology, a^oI. i. 
pp. 13 and 348) to record the occurrence of an eclipse of the Sun, 
which, at the suggestion of Oppert, was supposed to have been 
that of the 27th of June, b.o. 661. The inscription, as translated 
by Talbot, states that it took place whilst the king of Elam was 
preparing an attack upon Assyria, and that " for three days the 
evening Sun was darkened as on that day." No eclipse of course 
could produce such an effect as this ; but he suggests that "it is not 
impossible that, in a very ignorant age, the report of such a wonder 
having happened in Susiana should be believed in Assyria, at the 
distance of many hundred miles, and have been chronicled by a 
superstitious scribe." Ee vising, however, a record by a conjectural 
process of tliis kind is always a hazardous proceeding, and on reading 
it I. felt doubtful whether an eclipse was really referred to in the 
inscription. But Mr. Pinches has kindly examined it again, and 
considers that the eclipse and the three days' darkness at evening 
are distinct occurrences, forebodings of evil to the king of Elam. 
He thus, in fact, translates the passage : — " Te-umman devised evil, 
and Sin [the moon-god] devised against him forebodings of evil. 
In Tammuz an echpse at evening — he troubled the lord of light 
and the setting sun thus also for three days was troubled — it went 
forth for the end of the reign of the [king] of Elam. This [omen] 
was the announcement of his [t. e. the god's] decision, which 
changeth not." Upon the whole, therefore, we may fairly conclude 
that the eclipse of June 27, B.C. 661, is really alluded to in this 
inscription. 

If I am not pressing unduly upon your valuable space, I should 
like to state in conclusion that I have not succeeded in finding the 
reference to the eclipse of B.C. 776(the first year of the first Olympiad), 
said, in ' L'Art de verifier les Dates,' to have been i-ecorded by Con- 
fucius in the Tcbun-Isicou [Ch'un Is'ew], written about two hundred 
years after that time. I have consulted both the ' Observations ' of 
Father Souciet, referred to in ' L'Art de verifier,' and Dr. Legge's 
translation of the Ch'un Is'ew itself, in which it appears that the 
earliest eclipse mentioned is that which, according to our reckoning, 
took place on the 14th of February in the year B.C. 719. This 
agrees with the list given by our late Assistant Secretary, Mr. 
Williams, in the 24th volume of the ' Monthly Notices.' 

Perhaps some one more versed in these matters will supply the 
reference to the eclipse of B.C. 776. Mr. Johnson, I need hardly 
remark, mentions it in his well-known work (of which many of us 
wish for a new edition) ' Eclipses Past and Future.' 

Yours faithfully, 

Blackheath, 1891, June 12. W. T. Lynn. 
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Bern Time, 

Gentlemen, — 

The list of observatories in the * Nautical Almanac ' seemg 
very incomplete. I do not know whether it is owing to Switzer- 
land being an inland country that there is no mention of Bern ; 
but it seems strange, considering the ' Nautical Almanac ' is not 
used only by sailors. It is singular that I cannot find any book 
that gives the longitude exactly, without which it is impossible to 
ascertain the Greenwich time of a country which is one of the best 
in the world for its time system. 

Tours faithfully, 

West Hendon House, Sunderland, T. W. BACKHOUSE, 

1 891, July 24. 



OBSEB^VATORIES. 

Cincinnati. — Measures of the positions of 105 nebulsB, and 
charts of the region surrounding 96 of them, are nicely printed in 
a small quarto publication of 50 pages. The measures were made 
with the ii-inch refractor in 1884, 1885, and 1886, and are for 
the most part of objects south of the equator, many so low as to 
be beyond the reach of European observers. The position of each 
nebula with respect to one or more neighbouring stars was deter- 
mined with a filar micrometer, and a list of accurate positions of 
the comparison stars is given. But the information printed is 
surely somewhat meagre. Eor instance, in quoting the positions 
of these stars for 1890*0 as deduced from various catalogues, why 
not give the reference number in such catalogues ? It would not 
involve much more printing, and might save some trouble to 
an3'0De using the work. 

Hongkong. — The sixth volume of observations prepared by 
Dr. W. Doberck, the M!S. of which is dated 1890 April 24, has 
been published ; and shows that the meteorological observations 
and time-service have been maintained with efficiency. In the 
introduction the Director asks for another European as chief 
assistant, and Mr. J. I. Plummer has since been appointed to this 
newly created post. 

Tale. — The report of this Observatory is practically that of 
Dr. Elkin, the " Astronomer in charge of the heliometer.'' He has 
completed the work on parallaxes of the first-magnitude stars, 
which will shortly be ready for publication. A triangulation of 
the Victoria Comparison Stars (1889) has been made by Mr. Chase 
and partly reduced ; and progress has been made with a triangu- 
lation of Coma Berenices. 

The reductions of the triangulations of Iris Comparison Stars 
(1888) and of the pole are also nearly completed, the former being 
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chiefly the work of Miss M. Palmer. The heliometer is now to he 
devoted to measurements of the Satellites of Jupiter, according to 
Dr. H. Struve's method for those of Saturn. 



"Washington. — The volume of observations for 1885 contains, 
first, the regular meridian observations of Sun, planets, and star 
(the annual catalogue containing 1063 stars); secondly, observatioi 
of 130 double stars and of the satellites of Saturn with the 26-in( 
equatorial (Prof. A. Hall) ; thirdly, micrometer observations of 
small planets and 6 comets with the 9*6-inch ; and, fourthly, thw 
appendices important enough to be noticed elsewhere, viz., Liei 
Winterhalter's '*Eeport on the Astrophotographic Congress 
Prof. Hall's monograph on " Saturn and its Ring ; " and Pri 
Harkness's work on the " Solar Parallax and Related Constant=- 
The whole forms a noble volume, and as evidence of the h< 
and vigour of the Observatory is distinctly reassuring in view 
the laments we have recently noticed in the reports of the Supi 
intendent as to insufficiency of staff. 

We have also received Appendix i to the volume for 1886, c(=:=z^n- 
taining magnetic observations made at the observatory in i^^^> -^8 
and 1889 by Ensign J. A. Hoogewerff. 






NOTES. 

A Photochbonogbaph. — At the Georgetown College 
vatory some fairly successful experiments have been made 
Prof. Bigelow, Mr. Saegmuller, and the Director, Father 
on the application of photography to recording star-transits, 
transit instrument arranged for this purpose has been dubbed 
photochronograph," and the methods used are described in a qui 
publication of 36 pages. The experiments are still proceedi-' 
It is justly remarked that this method should be very valuable 
longitude work, rendering an interchange of observers unnecessa^i^Kr'J^ ; 
though it may still be advisable to interchange instruments. 

The Stellar Clusteb 1// Pebsei. — The two groups forming 
cluster have from time to time occupied the attention of observ* 
Lament, Liapunow, Bredichin, Krueger, and Vogel have 
measured portions of the group with a view to investigate rela 
motion. The present volume by Mr. Pihl, of Christiania, fo: 
the most complete monograph of the group, and has been fo 
with great care. Mr. Pihl, who, as a business man, has a limB^ 
time at his disposal^ suffered for many years from ill-health, 
this explains the rather long period (20 years) over which 
observations extend. He must in all have made some 4 
measures of the 236 stars in the group. These 236 he has 
logued, epoch 1870*0, and compared, where possible, with o 
catalogues. After the publication of Yogel's measures Mr. 




ve 
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made a comparison of the two sets and found a very marked 
systematic difference, which he eventually traced to the method of 
observing. VogeFs measures were made with a wire micrometer, 
the time of bisection being noted, and the star disappears, if at all, 
only momentarily. Mr. Pihl used a bar-micrometer, the times of 
disappearance and reappearance being noted. A very complete 
discussion of the errors to which the bar-micrometer gives rise is 
given. A chart of the cluster is appended. T. L. 

Die Jahbliohb Paballaxe dbs Stebns Obltzen 11677. — Since 
1883 Dr. Franz has made a series of observations with the Konigs- 
berg heliometer (6-inch) with the view of determining the parallax 
of this star, whose proper motion on a great circle is 3", which 
places it about 12 th on the list. The parallax has already been 
determined with differences of R.A. and N.P.D. of transits by 
Dr. G-eelmuyden, whose results are respectively 7r = o"'27 + o"'04 
and o"'24io*o4. Dr. Franz gets 7r=o"'io-j-o"*oi. 

Aetipicial Pboduction of Rain. — Many meteorologists have 
found it an attractive pursuit to endeavour, by the study of past 
records, to predict the future weather ; but with the best means at 
command such prediction, even for a following day, cannot be said 
to have attained to a more than qualified success, whilst for longer 
periods nothing with any certainty wbat'^ver can at present be 
foretold. But if we are unable to predict the weather, it would 
seem in the minds of some that there is no reason why we should 
not control it. Our readers will have heard more or less, no 
doubt, of the possible artificial production of rain by the firing of 
cannon. It is not a new idea, but some steps appear to be now 
about to be taken with the object of bringing the question to a 
practical test. We read in the 'American Meteorological Journal', 
that Senator Farwell has carried through the United States Con- 
gress a bill appropriating a sum of money to be applied to this 
object, the experiments being entrusted to the Agricultural Depart- 
ment. Mr. Fernow, Chief of the Division of Forestry, in a com- 
prehensive report has given an account of what is known on the 
matter, from which it would appear from the evidence of past 
cannonades, great fires, &c., that they afford a very overwhelming 
proof of rain having been by their influence caused to fall. 
Moisture may be precipitated ii present in the atmosphere, but 
rain may be most wanted under clear skies, where the drought is 
most severe. If, however, our friends across the Atlantic proceed 
to carry out the proposed experiments, we ought, in the course of 
time, to obtain some definite increase to our knowledge on this 
subject. 

DoiTBLB Stabs. — Mr.. Burnham has a long series of measures of 
double stars in the ' Ast. Nach.' 3047-48, representing his work in 
this department during the year 1890. No one can read Mr. 
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Bumham's remarks without noticing how thoroughly well pleased 
he is with the great 36-inch telescope and its equipment. This is 
pleasant knowledge, as the measurement of the class of doubles 
undertakea by Mr. Burnham must be a most severe test alike of 
the glass, the clock, the micrometer, the illumination, — and of th( 
man. Besides the re-measures of known doubles there is a list of 
70 new ones. The present list of measures gives us an opportuni ty*- 
to make a remark on the working catalogues of double-sti 
observers. Mr. Burnham says — " In the selection of stars for 
observation I have endeavoured to take such pairs as could not, 
would not, be observed elsewhere,, leaving the old binaries am 
other easy pairs to be looked after by other observers." M" 
Burnham, besides being an observer of double stars, gives a \^v\'^" — m\^ i 
to the motion indicated, and doubtless tinds, as we have done, th^s _ ^t 
a certain half-hundred favoured stars monopolize all the attentior— — -q, 
and a search for measures of an interesting couple is vain. V^^^^i^e 
are speaking of published measures. There may be some ato n \ i\ 

away. May we ask that the following may be kept on the 1i« < — =: ? 

They are old, very old, but measures are scarce. S 13, 208, 2^^^^^ 9, 
460, 511, 1093, 1216, 1687, 1879, 2315, 2525, 2729; 02 4, m^ 2, 
20, 62, 65, 82, 338, 395, and 400. , . T. L. 




Dr. Gofld recently stated that the Mt. Hamilton obserrati 
of Wolfs Comet (1884, III.) on May 3 gave one perihelion date 
the B.A. and another by the declination. Mr. Hind, however, 
comparing the place with Berberich's orbit for 1891, finds 

A\(C-0)= -o'-i, A/3=H-o'-2, 

thus differing from Dr. Grould's result. 

Mr. Hind also points out that Mr. Lynn was in error in givi 
TempeFs Comet of 1867 as due at perihelion this year ; he ma 
the perihelion passage 1892 March 29*5. 





The Eotation of Venus. — M. Niesten, of the Brussels Obs 
vatory, respectfully begs to differ from the conclusions of 
Schiaparelli as to the slow rotation of Venus. ' He finds tha 
period of 23 hours suits drawings made by himself and M. Stuyva 
from 1 88 1 to 1890, so well, indeed, that he can make a map of 
surface of the planet ; though at the same time a period of so 
thing over 200 days gives results quite within the limits of er 
of such observations. The subject is one of great difficulty, 
there are very few of sufficient experience to discuss it adequat 
MM. Terby and Folie, to whom the present paper was refer 
express themselves wifh admirable discretion, and manage to 
agree upon one point between themselves in order to illustrate 
present divided state of opinion among experts. 
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Sky Tests fob Stbllaji Photqgeapht. — Dr. N. C. Duner 
comments * on the figures given by the Astronomer Rojal (M. N. 
li. no. 5) in his proposal to use short exposures with a small tele- 
scope on Polaris as tests of the quality of the night. Mr. Christie 
states that ^' a faint image of Polaris is obtained with an exposure 
of 2" with the Dallmeyer 4-in. telescope," with rapid development 
" (say I™ with the standard developer)." Dr. Duner remarks that, 
by developing for 6" instead of i", an image of Polaris can be got 
from an exposure of i' with a smaller telescope. But he seems to 
have misapprehended the point, which is firstly to complete the 
whole operation quickly, so as to obtain information within a few 
minutes (whence it is obvious that increasing the time of de- 
velopment by minutes in order to reduce that of exposure by 
seconds is not economy) ; and, secondly, to use so long an expo- 
sure that there is a fair chance of estimating the average quality 
of the night. 

Eclipses of Saturn's Satellites. — Prof. C. A. Young writes to 
the ' Sidereal Messenger' (No. 95, p. 251) : — " On the evening of 
Wednesday, April 8, while looking at Saturn with a friend, we 
noticed that Rhea was missing, and on examining the ephemeris 
found that the sateUite must be either behind the planet or else 
iaimersed in its shadow. 

" At 8^ 56"*o [Eastern Standard Time] she reappeared rather 
suddenly, about 3" from the planet's eastern limb, and opposite 
the parallel of 60° or 70° of south latitude. At first the satellite 
was very faint, but it rapidly brightened, and in about three and a 
half or four minutes had recovered its normal brilliance; this 
would indicate for it a diameter of from twelve to fifteen hundred 
miles. The eyepiece was an achromatic giving a power of about 

• 500- . . . • . 



The ninetieth birthday of Sir G-. B. Airy (1891 July 27) is an 
event of such general interest that we feel sure a brief reference to 
its celebration by his family and friends will not be deemed an 
impertinence. Saturday, efuly 25, was fixed for the reception in 
honour of the event, and Sir George received in person the con- 
gratulations and good wishes of a large and distinguished company. 

Astronomy was represented by many familiar faces, including 
those of the Astronomer Ebyal, the President of the R.A.S., and 
the Hydrographer to the Navy. It was delightful also to see 
Mr.iPerigal, who walked, up the hill with almost a jaunty step. 
Trinity College, Cambridge, of which Sir George is both the oldest 
ex-Fellow and the oldest Honorary Eellow, was represented by its 
Master, Dr. Butler. There were many other guests whose presence 
was significant, as, for instance, Mr. Biddell, who was forty years 
ago charged by Messrs. Ransomes and May with the construction 

* Ast. Nach. No. 3046. 
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of the present Transit Circle. He described to a small knot 
most interested guests the dismay of the workmen and th( 
employers at the demands of Sir G-. B. Airy, especially those i^^- 
lating to the pivots. These were to be of chilled iron, 6 inches ^j^ 

diameter, and perfect cylinders to within •— ^ inch ! No error oi 
this magnitude was to be discernible with a delicate spirit-lev^^I . 
and after trying alL the most delicate methods of turning tt^^xi 

known, the requisite accuracy was obtained by sheer labour:* 

rubbing down bit by bit all the. places which this same spirit-l^-^-^ 
indicated as too high. Each of the pivots cost six weeks of si 
labour! • 

Monday, July ;27, the actual anniversary, was marked by 
performance of a singularly appropriate ceremony. Sir Gfeo: 
turned on, for the first time, the gas which is to illuminate 
Parish Church clock of G-reenwich, and which will now be au."to- 
matically and regularly turned on by the clock during the everxing 
hours. The very hour (9 o'clock) at which he was thus once iki&ore 
concerned with G-reenwich time was curiously in keeping witk "the 
occasion, and the excellent speech with which he concluded the 
ceremony bore evidence to his marvellous vigour. We sinceroly 
hope to be present at an even more important celebration ten 
years hence. 



The Disc of Titan. — Herr Sarafik finds (Ast. Nach. No. 304^) 
for the disc of Titan, by comparison with the known diffraction 
discs of stars, a diameter of o"*35. His individual values rang© 
between o"t4 (in strong moonlight) and o"'5i, and sonae 
correction for irradiation is therefore suggested. Prof. Pickeri^ 
estimated Saturn as photometrically of the 0*9 magnitude, a'^^ 
Titan as 9*4 ; and thus, on the hypothesis of equ^ albedo, ^*^ 
diameter of Titan's disc would be o"'33. These accordant measure 
suggest a linear diameter of between 2000 and 3000 kilometres - 



It is with very deep regret that we hear of the death of li-^ 
Eminence Cardinal Ludwig von Haynald, Archbishop of Kaloo^** 
It is now 12 years sino^ he built the Observatory at Kalo^^ 
which has turned out some good work, more especially physi^^ 
observations of the Sun. 

Mb. J. E. Keelbr, of the Lick Observatory, has been appoint>^^ 
to succeed Prof. S. P. Langley at Allegheny. 

The Astronomische Gresellschaft will meet at Munich on *'"® 
5th of August. 

Peof. E. Q-aittibe of Geneva would be glad to receive obser^^*" 
tions of Comet 1890, III. (Coggia). 

Eeeatum. — P. 265, line 21, /or 1012 rmd 1006. 
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The President's Address to the British Association* 

is now many years since this Association has done honour to 
science of Astronomy in the selection of its President. Since 
George Airy occupied the chair in 185 1, and the late Lord 
3ttesley nine years later in i860, other sciences have been 
'esented by the distinguished men who have presided over your 
tings.'' 

>r. Huggins had thus a somewhat exceptional opportunity for 
ribing the activity and progress of the last thirty years ; and 
ised it with the ability which the world has recognized for 
•ly the period he reviewed. It is an ungrateful task to 
lense an address of which every sentence is interesting and 
Drtant ; but to reproduce the whole 34 pages in extemo is in 
y ways not feasible ; and in apologetically offering the foUoWf- 
brief notes to such of our readers as have not seen the original, 
lan only hope that they may be induced to obtain a copy Qf the 
aes' for August 20, or of the printed address from Messrs. 
} and Spottiswoode. 

^e must congratulate Dr. Huggins on a signal success, which 
been recognized equally by the general public and those more 
liar with Astronomy. The President's portrait has been an 
lotion of our illustrated papers : he is " the Man of the Hour" 
le most modern of them ; and in one so ancient as to have 
)rated its Jubilee there is a pictorial joke wherein a person 

contrasts strongly with Dr. Huggins in aU respects records 
enthusiasm for the " Pres'dent Bri'eh Soahiashlem." On the 
p hand, those who were already familiar with Dr. Huggins 

his work have learnt afresh almost to their surprise 

closely he has been identified with the "very remarkable 
veries in our knowledge of the heavens which have taken 

during this period of thirty years.'' Not that the President 
rially assists in pointing this moral : rather is it pointed by 
acts in spite of. him. He is almost too eager to assign credit 
ihers where he might justly have mentioned his owji work. 
Ch xiy. X 
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With one notable exception, all those who have in any way c(^:ri^ 
tributed to advance our knowledge find themselves, sometincxes 
perhaps unexpectedly, gratefully named and recognized. X^fae 
exception cannot be lightly passed over, and we cannot but feel 
that Dr. Huggins's friends will deeply regret his action in this 
matter. We must admit that he was placed in a very difficult 
position. Having been recently engaged in a scientific cori- 

» troversy where he felt keenly that he was not debating on simpLc | 
facts, but about the vital principles of scientific method, be wa 
apparently anxious on the present occasion to avoid saying an; 
thing which might be taken as a contribution to this discussio: 

• But we cannot regard this as a suflScient reason for absolut^X^ 
excluding the name of Mr. Norman Lockyer from a professeiij 
historical account of the recent progress of Astronomy. Such ^^-^ 
exclusion is so obvious as to precisely defeat its own object, fc^y 
calling attention to the very topics made conspicuous by i^^^ 

' absence. 

But our province is rather summary than criticism ; and 
proceed to perform that difficult task with such misgivings as 
natural to the uninspired. The more definite purpose of tl 
address is declared to be " not to attempt a survey of the proj 
of spectroscopic astronomy from its birth at Heidelberg in 185. ^» 
but to point out what we do know at present, as distinguish'^^ 
from what we do not know, of a few only of its more importa:^^^ 
problems." Reference is first made to improvements in tl^ 

■ spectroscope itself, the introduction of the concave grating, ac*-^ 
matters relating to a standard scale. 

" Lord Eayleigh has shown that there is not the necessa'K^ 
connection, sometimes supposed, between dispersion and resolvi*=^S 
power, as besides the prism or grating other details of constructi^:^^ 
and^f adjustment of a spectroscope must be taken into account.. 

" The resolving power of the prismatic spectroscope is proper ^^ 
tional to the length of path in the dispersive medium. For tl^® 
heavy flint glass used in Lord Rayleigh's experiments the thickn^^^ 
necessary to resolve the sodium lines came out 1*02 cm. If tl»^^ 
be taken as a unit, the resolving power of a prism of simiL^^ 
glass will be in the neighbourhood of the sodium lines equal to tl*^ 
number of centimetres of its thickness. In other parts of tl^^ 
spectrum the resolving power will vary inversely as. the thi^^^ 
power of the wave-length, so that it will be eight times as great i^ 
the violet as in the red. The resolving power of a spectroscope ^^ 
therefore proportional to the total thickness of the dispersi.'*^^ 
material in use, irrespective of the number, the angles, or fcti^ 
setting of the separate prisms into which, for the sake of con'V^" 
nience, it may be distributed. 

"The resolving power of a grating depends upon the ic^tsl 
number of lines on its surface, and the order of spectrum in osa ; 
about 1000 Hnes being necessary to resolve the sodium lines i^ 
the first spectrum. 
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^'As it is often of importance in the record of bbsetratidns to 
.state the efficiency of the spectroscope with which they are made, 
I^rofessor Schuster has proposed the use of a unit of purity as 
^^ell as of resolving power, for the full resolving power of a spec- 
troscope is realised in practice only when a sufficiently narrow slit 
is used. The unit of purity also is to stand for the separation of 
two lines differing by one-thousandth of their own wave-length; 
aboat the separation of the sodium pair at D. 

"A further limitation may come in from the physiological fact 
that, as Lord Eayleigh has pointed out, the eye when its full 
aperture is used is not a perfect instrument. If we wish to realise 
the full resolving power of a spectroscope, therefore, the emergent 
beam must not be larger than about one-third of the opening of 
the pupil. 

*' Up to the present time the standard of reference for nearly 
*U spectroscopic work continues to be Angstrom's map of the 
solar spectrum, and his scale based upon his original determinations 
^ absolute wave-lengtk. It is well known, as was pointed out, by 
Thalen in his work on the spectrum of iron in 1884, that 
Angstrom's figures are slightly too small, in consequence, of .an 
6rror existing in a standard metre used by him. The corrections 
'01* this have been introduced into the tables of the wave-lengths 
of terrestrial spectra collected and revised by a Committee of this 
Association from 1885 to 1887. Last year the Committee added 
a table of corrections to Eowland's scale. 

. ** The inconvenience, caused by a change of standard scale is, for a 
^^e at least, considerable ; but there is h'ttle doubt that in the 
tiea,r" future Rowland's photographic map of the solar spectrum, 
^°^ his scale based on the determinations of absolute wave-length 
X Rerce and Bell, or the Potsdam scale based on original deter- 
"'^'^^tions by Miiller and Kempf, which differs very sHghtly from 
^ will come to be exclusively adopted. 

** The great accuracy of Eowland's photographic map is due 
'^iofly to the introduction by him of concave gratings, and of a 
^^tihod for their use, by which the problem of the determination 
* i7«lative wave-lengths is simplified to. measures of coincidences 
^ the lines in different spectra by a micrometer. 

** The concave grating and its peculiar mounting, in which no 
lenses or telescope are needed, and in which all the spectra are in 
iOciis together, formed a new departure of great importance in the 
"^^asarement of spectral lines. The valuable method of photo- 
l^pMc sensitizers for difierent parts of the spectrum has enabled 
"^ofessor Eowland to include in his map the whole visible solar 
spectrum, as well as the ultra-violet portion as far as it can get 
torough our atmosphere. Some recent photographs of the solar 
'P'Sctrum, which include A, by Mr. Qeorge Higgs, are of great 
'^hnical beauty. 

** iDuriog the past year the results, of three independent re- 
®*^X5hes have appeared, in which the special object of the observers 

t2 
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haa been to distinguish the lines which are due to our atmosphen 
from those which are truly solar — the maps of M. ThoUon, which 
owing to his lamented death just before their final completion, hav* 
assumed the character of a memorial of him ; maps by Dr. Beckei 
and sets of photographs of a high and a low sun by Mr. McClean. 
We then pass on to consider how it gives us knowledge c 
the nature of the heavenly bodies. " The task of analysing tli 
stars and nebulae becomes one of very great difficulty when \& 
have to do with spectra differing from the solar type. . • Under th 
ordinary conditions of terrestrial experiments the temperature c 
the mean vis viva of the molecules may have no direct relation to tfc 
total radiation. . . Very great caution is therefore called for whe 
we attempt to reason by the aid of laboratory experiments to ik 
temperature of the heavenly bodies from their radiation. . . ► 
No less caution is needed if we endeavour to argue from tl 
broadening of Hues and the coming in of a continuous spectrum 2 
to the relative pressure of the gas in the celestial atmosphere 
, . . . A continuous spectrum cannot be considered, when take 
alone, as a sure indication of matter in the liquid or the solid stat 
.... Compound bodies are usually distinguished by a bandi 
spectrum, but, on the other hand, such a spectrum does n 
necessarily show the presence of compounds. . . It may be thougl 
that at least in the coincidences of bright lines we are on the sol 
ground of certainty ; . . . . such would be the case if the coii 
cidence were certain ; but an absolute coincidence can only be 
matter of greater or less probability: .... the progress • 
science has been greatly retarded by resting important conclusioi 
upon the apparent coincidence of single lines, in spectroscopes 

very small resolving power The accuracy of the earU« 

determinations of the spectra of the terrestrial elements are 
most cases insufficient for modem work on the Stars as well as c 
the Sun." It will be seen from these sentences that in this fir 
section Dr. Huggins is chiefly anxious to point out what we i 
not know. He proceeds to concrete illustrations. *' The spectr 
scope has failed as yet to interpret for us the remarkable spectru 
of the Aurora Borealis, .... and especially we do not know U 
origin of the principal line in the green." ..." In the spectra 
comets the spectroscope has shown the presence of carbon pr 
sumably in combination with hydrogen, and also sometimes wL 
nitrogen; and in the case of comets approaching very near t] 
Sun, the lines of sodium, and other lines which have been suppos<i 
to belong' to iron " ; but " it would be perhaps unwise at presto: 
to attempt to define too precisely the exact condition of the matt: 
which forms the nucleus of the comet. In any case the part 
the light of the comet which is not reflected solar light crs 
scarcely be attributed to a high temperature produced by fc 
clashing of separate meteoric stones set up within the nucleus 
the Sun's disturbing force. We must look rather to disrupt! 
electric discharges produced probably by processes of evaporatJ.< 



Sept, 1891.] to the British Association. 297 

dae ±0 increased solar heat, which would be amply sufficient to set 
free portions of the occluded gases into the vacuum of space. May 
it i>^ that these discharges are assisted, and indeed possibly in-^ 
crea.sed, by the recently discovered action of the ultra-violet part 
of fclzke Sun's light ? Lenard and Wolf have shown that ultra-violet 
Ugbk "fc can produce a discharge from a negatively electrified piece df 
met:sfc,l, while Hallwachs and Eighi have shown further that ultras 
viol^ii light can even charge positively an unelectrified piece of 
met^skl. {Similar actions on cometary matter, unscreened as it is by 
an «i.bsorptive atmosphere, at least of any noticeable extent, may 
weUL be powerful when a comet approaches the Sun, and help to 
explain an electrified condition of the evaporated matter which 
wotxld possibly bring it under the Sun's repulsive action. "We 
shaJll have to return to this point in speaking of the solar corona.'^ 

AA^e come to more positive results in the case of the Sun. "A very 
grea.t; advance has been made in our knowledge of the constitution of 
the Sun by the recent work at the Johns Hopkins University by 
inea.iis of photography and concave gratings, in comparing the solar 
speotrum, under great resolving power, directly with the spectra of 
the "terrestrial elements. ... If the whole Earth were heated to the 
temperature of the Sun, its spectrum would resemble very closely the 
solar spectrum. . . . Prof. Rowland looks to the solar lines which 
ar© unaccounted for as a means of enabling him to discover new 

tei'X'estrial elements He has already resolved yttrium 

sp^ctroscopically into three components, and actually into twow 
• • - . It is worthy of remark that as our knowledge of the 
spectrum of hydrogen in its complete form came to us from the 
stairs, it is now from the Sun that Chemistry is probably about to 
b^ enriched by the discovery of new elements." 

** In a discussion in the JBakerian Lecture for 1885 of what we 
kn.ew up to that time of the Sun's corona, I was led to the conclu- 
siori that the corona is essentially a phenomenon similar in the cause 
or its formation to the tails of comets, namely, that it consists for the 
i^^ost part probably of matter going from the Sun under the action 

u ^ ^®^^®» possibly electrical, which varies as the surface, and can 
therefore in the case of highly attenuated matter easily master the 
^^JX'e of gravity even near the Sun. Though many of the coronal 
P^Jiiicles may return to the Sun, those which form the long rays or 
?Y^*iners do not return; they separate and soon become too 
Effused to be any longer visible, and may well go to furnish the 
^^^tter of the zodiacal light, which otherwise has not received a 
5^^sf actory explanation. And further, if such a force exist at the 
^^^» the changes of terrestrial magnetism may be due to direct 
Sf^^iric action, as the Earth moves through lines of inductive force. 
,.^^se conclusions appear to be in accordance broadly with the 
'^^s along which thought has been directed by the results of subse- 
^^i^t eclipses. Prof. Schuster .... asks whether the Sun may 
^^ a^t like a magnet in consequence of its revolution about its axis. 
■^^f • Bigelow h^ recently treated the coronal forms by the theory 
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of spherical harmonics, on the supposition that we see phehomena 
similar to those of free electricity. . . . Prof. Schaeberle, how- 
ever, considers that the coronal phenomena may be satis&ctoriljr 



i^ 





accounted for on the supposition that the corona is formed o; 
streams of matter ejected mainly from the spot-zones with grea 

initial velocities Of the physical and the chemical nai 

of the coronal matter we know very little. The continuous spect 
.... can only be due in small part to solar light scattered b^^^oj 
small particles. . . . The green coronal line has no know^ ^a 
representative in terrestrial substances, nor has Schuster beeET^ss 
able to recognize any of our elements in the other lines of tli — le 
corona." 

Passing on to the stars, and the vexed question of the evolutioiu^^sl 
order as indicated by the spectra, Dr. Huggins mentions vario 
views for the discussion of which " the few minutes which can 
given to this part of the Address are insufficient." He therefo; 
confines himself to stating briefly some of the consideratioDs 
favour of the evolutional order in which he arranged the starr—^ 
from their photographic spectra in 1&79. "This order is essentialL 
the same as Vogel had previously propo.sed. in his classification i 
1874, in which the white stars represent the early adult an. 
most persistent stage of stellar life, the sol^ condition tiiai; 
full maturity and of commencing age; while in the orange an 
red stars with banded spectra we see t}iQ setting in and advance 
old age ; " and for this statement we must refer our readers to th 
Address itself. 

The opening sentences of the next section we quote verbatim : 
^* In the nebulae, the elder Herschel saw portions of the fiery 
or ' shining fluid, ^ out of which the Heavens and the Earth had bee: 
fllo^t'ly fashioned. For a time this view of the nebulae gave place 
that which regarded them as external galaxies, cosniical * sand-heap 
too remote to be resolved into separate stars ; though, indeed, 
1858 Mr. Herbert Spencer showed that the observations of neb 
up to that time were really in favour of an evolutional progress. 

"In 1864 I brought the spectroscope to bear on them; 4] 
bright lines which flashed upon the eye showed the source of tb. 
light to be glowing gas, and so restored these bodies to what 
•probably their true place, as an early stage of sidereal life. 

" At that time our knowledge of stellar spectra was small. E 
this reason partly, and probably also under the undue influence 
theological opinions then widely prevalent, I unwisely wrote 
my original paper in 1864, 'that in these objects we no longi 
have to do with a special modification of our own type of sun, bi— ^^^J 
find ourselves in presence of objects possessing a distinct 
peculiar plan of structure.' Two years later, however, in a lecttti 
iefore this Association, I took a truer position. ' Our views of fc 
universe,' I said, ' are undergpipg important, changes ; let us 
for more facts with minds unfettered by any dogmatic theory, 
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blierefore free to receive the teaching, whatever it may be, of new 
>lMervations/ " 

Eelerence is then made to the light thrown upon the nebular 
ij^pothesis in recent years : the work of Prof. George Darwin, and 

some thinkers " on meteorites ; Mr. Roberts's photograph of the 
ebula in Andromeda ; and, finally, spectroscopic work on the 
ebulae, a subject so peculiarly Dr. Huggins's own, that we mast 
^verently accept his dictum that no certain conclusions have yet 
Jen reached as to the origin of the nebular lines. The question 

suggested as to whether we cannot go even one step backward 
om nebulae, and trace their origm in the collision of dark suns, 
he work of Darwin aad Poincare on rotating masses of fluid, and 
le remark of Mr. See that the solar system is quite an exceptional 
filiation in the relatively large size of the parent body, are 
'tidied to. 

The Address then passes to the use of the spectroscope in metrical 
■'X^onomy, for determining motions of stars in the line of sight. 
'X*e, again, the observational difficulties are so well known to 
'• Huggins, who originated the research in 1868, that his satis- 
'"tion with the apparently complete success of Dr. Vogel and 
^- Keeler must be considered of great significance, though a 
icien diminution of the probable error of a class of observations 
^^bout one-tenth of its previous value, by improvements of no 
— >:whelming importance in instruments, is at least unprecedented 
^t^lie history of Astronomy. " My instrumental means, limiting 
^ power of detection to motions greater than 25 miles per second, 
^•i:^ insufficient. Mr. Keeler has found in the examination of ten 
t^ulaB motions varying from two to twenty-seven miles, with one 
^ optional motion of nearly forty miles. 

^ * The spectroscopic method of determining celestial motions in 
^ line of sight has recently become fruitful in a new but not 
•- "^Dgether unforeseen direction, for it has, so to speak, given us a 
^^arating power far beyond that of any telescope. . . The spectro- 
^^^pe has not simply added to the list of the known binary stars, 
^ "t has given to us for the first time a knowledge of a new class 
stellar systems, in which the components are in some cases of 
^arly equal magnitude and in close proximity, and are revolving 
%th velocities greatly exceeding the planetary velocities of our 

^^stem The telescope could never have revealed to us double 

^ars of this order. In the case of j3 Aurigae, an object-glass of 
CDout eighty feet in diameter would be needed to resolve this Mnary 
^ar." 

Dr. Huggins then passes to the " new power which modem 
Photography has put into the hands of the astronomer. . . 
?hotography is no new discovery, being about half a century old. 

. . The recent successes in astronomical photography are not dile 
io greater skill, nor, to any great extent, to superior instruments, 
Dut to the very great advantages which the modem gelatine dry 
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plate possesses for use in the observatory over the methods of 
Daguerre, and even over the wet collodion film on glass. . . Two 
principal directions may be pointed out in which photography is 
of great service to the astronomer. It enables him within the 
comparatively short time of a single exposure to secure per- 
manently, with great exactness, the relative positions of hundreds 
or even thousands of stars ; or the minute features of nebulae or 
other objects, or the phenomena of a passing eclipse." And, secondly, 
" by recording light-waves which are both too small and too large 
to excite vision in the eye, it brings him into a new region of 
knowledge, such as the infra-red and the infra-violet parts of the 
spectrum, which must have remained for ever unknown but for 
artificial help.'' 

There follow a brief account of the proposed " Photographic 
Chart and Catalogue of the Heavens," references to Dr. G-ill and 
Prof. Kapteyn's Southern Durchmusterung ; to questions affecting 
the photographic brightness of stars ; to Prof. Pritchard's photo- 
graphic method of determining parallax ; to the nebular and stellar 
photographs of Dr. Common and Mr. Eoberts ; and to Mr. Hale^s 
photographs of the spectra of the solar prominences. 

Passing to the configuration of the stars, Dr. Huggins says : — 
*' "We see a system of systems, for the broad features of clusters 
and streams and spiral windings which mark the general design 
are reproduced in every part. . . The deciphering of this wonder- 
fully intricate constitution of the heavens will be undoubtedly one 
of the chief astronomical works of the coming century." And 
then, after mentioning " some of the problems of the newer side of 
astronomy," to which time does not permit a fuller reference, he 
concludes : — '* Astronomy, the oldest of the sciences, has more 
than renewed her youth. At no time in the past has she been so 
bright with unbounded aspirations and hopes. Never were her 
temples so numerous, nor the crowd of her votaries so great. The 
British Astronomical Association, formed within the year, numbers 
already about 600 members. Happy is the lot of those who are 
still on the eastern side of life's meridian ! 

** Already, alas I the original founders of the newer methods are 
falling out — Kirchhoff, Angstrom, D' Arrest, Secchi, Draper, 
Becquerel ; but their places are more than filled ; the pace of the 
race is gaining, but the goal is not, and never will be, in sight. 

" Since the time of Newton our knowledge of the phenomena 
of Nature has wonderfully increased ; but man asks, perhaps moris 
earnestly now than in his days, what is the ultimate reality behind 
the reality of the perceptions ? Are they only the pebbles of the 
beach with which we have been playing ? Does not the ocean of 
ultimate reality and truth lie beyond ? 
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New Nebula in Cygnus. 

Celestial photography has inured us to surprises. In attempting 
to estimate its future performances we instinctively expect the 
unexpected and count upon the incalculable. New nebulae, above 
all, have by its means been brought to notice in such manifold 
guises, and under circumstances so singular, as well-nigh to exhaust 
the stock of available public wonder. Thus, to Dr. Max Wolf's 
latest announcement many preludes had been struck; in some 
respects it might be considered a mere sequel to what had gone 
before — a reiteration and confiruiation of important truths already 
ascertained rather than an essential novelty. Otherwise looked at, 
however, it appears a beginning, a /promise, and, even as it stands, 
a disclosure of no small moment. 

During the last year and half, Dr. "Wolf has been engaged at 

Heidelberg in photographically exploring faintly nebulous regions* 

of the sky. The portrait-lenses employed by him for the purpose 

afford, because of their short focal lengths, small but intensely 

bright images, and are hence, as is now well known, particularly 

adapted for constraining diffused light, too feeble for the pro- 

d.uction of any effect in ordinary astronomical instruments, to 

become sensible. With one of these and an exposure of 5| hours, 

lie obtained, on January 2 last, a remarkable picture of the nebulae 

surrounding f Orionis, earlier however, apparent on Professot 

IPickering's plates ; and his investigations in several parts of the 

constellation Monoceros have been effective both for discovery and 

for assuring and extending the discoveries of others. But these 

lesults were only preliminary to one of, it woald seem, higher 

significance. Vaguely discernible, a little more than one degree 

to the south-east of a Cygni, an ill-defined nebulosity (G-en. Cat. 

4621) was observed and catalogued by Sir John Herschel. This 

now proves to be only the most conspicuous part of a vaster 

formation. Three Heidelberg photographs— the last taken June i, 

1891, in three hours, with a 5-inch Kranz aplanatic — show a large 

nebula, of excessively fine and complex texture, spreading outward 

from a central point located approximately in R.A. 20^ 54", Dec. 

+44°. Thence to the east and north, branches issue to a distance 

of at least eight degrees, meeting and involving dense galactic 

star-groups: a westerly extension passes between 55 and 57, and 

reaches a Cygni ; a distinct ramification condenses near 56 and 

57 Cygni; while from a Cygni to the north, by 51, w\ w% and 

ui' Cygni, and as far to the west and south, fold upon fold of 

nebulous matter surges over the sky, becoming notably compact 

and luminous in the immediate neighbourhood of y Cygni. 

Br. Wolf finds in these records unequivocal evidence that the 

bright stars in the region covered by them are in genuine nebulous 

connection with each other and with the Milky Way accumulations 
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they emblazon * ; and his description of them certainly seems to 
leave room for no other inference. 

The importance of such an inference, it is easy to see, is funda- 
mental ; for we cannot stop short at barely admitting without 
further generalizing it. Its proved validity would then oblige us 
to regard the whole " golden Galaxy " as one prodigious mixed 
system, resembling that of the Pleiades in point of composition, 
though very different from it in plan of structure. Yisibly nebu- 
lous in parts, it would seem to possess everywhere nebulous 
affinities ; and the progress of research tends more and more to 
exhibit it in the character of a teeming hive of cosmical bodies, not 
yet wholly disengaged from their primitive chaotic surroundings. 
The study of nebular distribution might alone, and long ago, have 
driven out of the field every form of " projection theory " of the 
Milky Way. For it showed the great majority of gaseous objects 
to be embraced within its circuit, and this alone amounted to a 
•demonstration that a physical reality, and not simply a geome- 
trical appearance, was in question. The almost exclusive occur- 
rence within the same zone of temporary and bright-line stars 
^confirms the teaching of the nebulaD, which is still further enforced 
by the predominance there of stars showing Sirian spectra. This 
remarkable feature, disclosed by the concurrent indications of 
Dr. QilFs and Prof. Pickering's photographs, extends to the faintest 
stars of the Milky Way so far photometrically determined ; and 
the deduction is a legitimate one that the glimmering star-dust 
aggregated into galactic clouds shines too with the Sirian quality 
of light. 

That these clouds, in some cases at any rate, own relations of 
mutual dependence with lucid stars, seems placed beyond doubt 
by the Heidelberg photographs t. The brilliant orbs shown in 
them to be intertwined, by means of sinuous wreaths of nebula, 
with minute clustering objects, must plainly belong to the same 
scheme of generative activity. All then co-exist in one great realm 
of space, at virtually equal distances from ourselves. We are, 
however, completely ignorant as to the scale of those distances. 
Dr. Elkin has indeed measured a Cygni for parallax, but with only 
negative result. This, however, does not necessarily signify that 
the star really lies beyond the range of such determinations. It 
may mean nothing more than what is now, on other grounds, ren- 
dered highly probable — namely, that the measures were, in their 
upshot, vitiated by the systematic connection of a Cygni with the 
neighbouring stars chosen for purposes of comparison. The 
question, in other words, is still open as to whether the star has 
or has not a sensible absolute parallax. 

Indeed, experiments for relative parallax with stars undistin- 
guished by proper motion from the test-objects in their vicinity 

* Astron. Naoh. No. 3048, 

t Mr. Banyard has recently collected some important evidence to this effed*. 
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scarcely be expected to lead to satisfoctory results. Disparity 
•rightness, taken by itself, is very far from proving separation 
t^ide spatial intervals ; and the association of large .with small 
s into immense physical groupings has of late been so fre? 
Qtly recognized, that their disjunction in any particular case 
aot safely be assumed, and can only be established by observed 
rarities of movement. Parallactic operations of the relative 
1 upon immobile stars may then easily prove nugatory, and 
r were presumably so as regards a Gygni.- 
Feither a nor y Cygni possesses any- reliably ascertained proper 
ion, for the shift northward over an wc of about 2" a century, 
linally attributable to the latter, need not count as such. 
s negative conformity, taken by itself,- affords indeed no pre- 
iption of physical connection ; but significance is imparted to it 
:he precise agreement of the two stars in the direction an4 
)unt of their radial movement. If this be a coincidence, it is 
ifficiently remarkable one, and it will be of the greatest interest 
letermine whether any other of the nebulously involved star6 
Dygnus share this drift of six kilometres a second in our direcr 
1. It may be, indeed, that the drift is our's. The velocity, of 
solar system is, at the lowest estimate, fully adequate to 
3unt for the advance towards it ascribed at Potsdam to these 
) bright objects, which, for anything that appears to the con- 
ry, may, with their stellar and nebular appurtenances, be moored 
iangingly " In the vast ocean of unbounded space." 

• • ' ±. M. Clebkb. 



Periodic Comets. . . 

)Lr's comet is now pretty conspicuous and ^easily visible in a 

ill telescope. The following ephemeris by Berberich iAdicates 

pa,th;— 

B.A. Deo. Light 

h m 3 01 

Sept. 8 3 49 I +22 57 8*64 

16 4 4 34 20 15 9'59 

24 4 17 45 17. I 10*48 

Oct. 2 42813 1318 . 11*27 

10 ... 4 35 41 9 12 11*84 

t8 4 40 6 4 S3 i2*io 

26. 44133 +031 11*98 . 

Nov. 3 4 40 19 — 3 37 "'44 ; 

II 4 36 56 — 7 17 ^o'SS 

Sept. 4 the comet will be placed on the N. borders of the 
iades. It passes through the Hyades on Sept. 23-28 j and the^i 
ves southwards about ^^ daily. On Oct. 27 the comet crosses 
! equator, and sopn after enters Eri^danus. Its greatest in- 
Lsity of light will be attained between about Oct, 18-22. 
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Encke's comet will be close to G^eminorum on Sept. 2-3, airrrnd 
is pursuing a rapid course eastwards. On Sept. 8 its position fg 
2° N. of a Geminorum. Backlund has computed the followir^ng 
ephemeris : — 

B.A. Dec. 

h m 8 o , 

Sept. 5 7 2 24 +34 44 

9 7 35 36 33 41 

13 8 10 25 31 58 

17 8 45 49 29 30 

21 9 20 59 26 17 

25 9 55 o ' 22 26 

29 10 27 27 +18 5 

Prof. Barnard observed the comet on August i, and found the 

correction (O — C) to above ephemeris 

[See p. 320.] ^« = - 16'» ^ = -3'-7. 

The comet passes quickly through Gemini and Cancer, and- on 

Sept. 27 will be found very near y Leonis. 

Tempel-Swift's comet is expected at perihelion in Novel 
next, and M. Bossert has published an ephemeris, from whicl 
extract a few positions for the next few months . — 

B.A.. Dec. Light, 

h m B o , 

Sept. 4 21 33 2 — 2 18 2*66 

Oct. 2 21 6 24 + 2 30 6*30 

Nov. 3 21 44 II 13 2 14*09 

27 23 43 49 26 42 19-68 

Dec. 29 3 34 45 +2936 6-94 

The comet is getting rapidly brighter, and is at present situate 
the N.W. region of Aquarius. At the beginning of Decern 
will be close to a AndromedaB. "W- F. 





Selenographical Notes. 

Hah^zel. — This remarkable object affords one of the mos' 
struetive examples of a not uncommon phenomenon on the tuc^* 
southern hemisphere, the intrusion of one ring-mountain 
another. Neison describes it as " a pear-shaped walled-plai 
miles in diameter," but this description does not truly repr^« 
its actual structure. It consists, in fact, of a very large and X 
ring which would have been circular, or nearly so, had not a se^:^' 
ring of somewhat smaller dimensions subsequently intruded oa 
northern side of it, and thus modified the appearance of what vr* 
otherwise be a formation of the normal type. 

Miidlers drawing of Hainzel resembles the imprint of a hvLtw^^^ 
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foot on soft ground — the intrusive ring on the north being in 
part represented by the heel, and the larger ring by the sole ; but 
bhere is nothing to indicate the effects of the interference of two 
iistinct formations, — on the contrary, by the ridges on the floor, 
M^hich are shown as uninterruptedly traversing the object from 
3outh to north, and by the nearly complete continuity of the walls, 
his map would lead one to conclude that it is nothing more than 
a single ring-plain of a somewhat irregular shape. Schmidt pre- 
sents a true picture of what anyone with suitable optical means 
may observe in connection with Hainzel when the E. long, of the 
jnorning terminator is between 42° and 55°, viz., a prominent and 
nearly perfect circular ring whose centre lies near the place where 
the northern border of a somewhat larger ring on the south of it 
^would be were it complete. The massive walls of these formations 
sire represented as independent of each other, or, more accurately, 
^s showing no traces of continuity — the larger ring embracing 
and including a portion of the smaller. 

Between 10** and 11*^ on April 19, this year, the interior was 
only a little more than half illuminated, — the shadow of the lofty 
eastern flanks of the associated formations obscuring much of thp 
curious detail visible at a later stage on the western side of the 
floor of the larger or more southerly ring, but the details on the 
opposite border and on the eastern section of both interiors were 
displayed with admirable distinctness with a power of 350. First, 
as regards the inner slope of the broad eastern rampart of the 
larger ring : — a terrace on this declivity just below the crown of 
the wall forms with the summit ridge one of those longitudinal 
chasms, crossed at intervals by dykes or rock-partitions, which are 
so frequently noted in connection with large formations and which 
seem often to be due to rows of inosculating depressions. This 
valley is terminated at each end by a prominent crater. Two or 
three narrow spurs or buttresses run down the slope at right 
angles to this terrace (against which they abut), in every respect 
similar to those observed outside this and many other great rings. 
They were not so obvious as at an earlier phase, but dark streaks, 
representing the intervals between them, were prominent on the 
bright surface of the declivity. There is also a well-marked terrace 
on the inner east wall of the snmller ring which, together with a 
bright crater at its foot (probably Nelson's w), was well seen. At 
this stage the existence of a southern section to the intruded 
formation is plainly indicated by the continuation of the bright 
eastern wall partially across the interior of the combined walled- 
plains and, where this wall apparently dies out, by small isolated 
mounds oa the floor. v 

On the following night, April 20, when the terminator had 
advanced to about east long. 54°, and the shadow of the eastern 
walls no longer obscured objects within the enclosure, the in- 
dividuality of the northern portion of Hainzel was very manifest. 
It appeared as an almost complete light ring overlapping the larger 
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and more irregular formaHon with which it is associated, — in 
much as it is shown by Schmidt in his excellent representa^on ^^of 
it. Under a solar altitude of io° or thereabouts a very conspicno^^os 
wide ridge is obserred to run for some distance in a south 
a north direction along the centre of the larger inclosure 
bending towards the south-west, to terminate at the more easteixr-X^ 
of two large craters near the summit of the south-west wall. Hit 
bifurcates, however, at the bend — the branch running up to fc-Ti^e 
more northerly of two still larger craters which occupy a gap in 
the southern border. At this stage of sunrise the curved port=i.4 
of the ridge stands out brightly amid the black shadow of the w 
At its northern eud, just outside the intrusive ring, it tu.: 
suddenly to the west, and it is noteworthy that the curvature 
•this bend is concentric with that of the low southern wall. 
the ring. An interval of 24 hours reveals the true charactei^ 
these features. The longitudinal ridge with its bend to the noi 
west wall, and the bend just referred to, form a lofty partitri 
dividing the southern part of Hainzel into two distinct sectii 
The more easterly of these divisions is the larger, and, as 
advances, the dark tone of its interior contrasts strongly 
the lighter hue of the floors of the western division and of 
northern intrusive ring. It is impossible to speak with certai 
as to the relative heights of the interiors of the two inclosta-r«^^« 
included by the southern section of Hainzel and of the flooir ^^^ 
the intrusive ring, but from all appearance there is little owr J*^^-^ 
difference between them. The western rampart of the formi^*^*^^^*^ 
is of a very uniform altitude, being, according to Neison, generr^J-^^ 
about 11,500 above the interior, while it is only some 1000 fc3»^^^| 
less above the surrounding country. There are indications ^ ^^ 
what seems to be an old crater-ring of considerable size v«^^^"-'*''° 
dark interior adjoining the west side of the northern sectiori- ^-** 
Hainzel. Though not shown on the maps, it is traceable for so^^^*'^ 
time after sunrise, and was even visible at 9*" on April 20, ^^^^*.^S 
the morning terminator had advanced to E. long. 54°. Schnx^^-"^ 
shows a rill extending from near Hainzel B (one of a row of 1**'*^'"^ 
craters north and north-west of Hainzel) to the north-west bor<J^ 
and then, maintaining the same direction, across the floor of 
northern ring up to the inner foot of its eastern wall. The 
terior portion of this cleft was well seen on April 19, but co' 
not be traced on the floor, which appeared to be free from d^ ' 
though Madler represents it covered with ridges. Two or tl* 





long narrow light streaks were noted close to this cleft • 1 

running parallel to it. They are probably shallow longitudi^^^^^^'^^ 

valleys and not true rills. 

:Pcaumont House, Shakespeare Road, T^OB^ GWTN EliOB 

B^ford, 1891, Aug. 19. 
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CORRESPONDENCE, 

To the Editors of ' The Observatory.* 
Bliss, Astronomer Royal. 

riafTLEMEN', — 

In Vol. ix. of the 'Observatory' I communicated a few 
Lculars respecting Prof. Bliss, who succeeded Bradley as Astro- 
^r Royal in 1762, and had acted from time to time as his 
-:aty before that. 

laave since been somewhat surprised to read, in the account of 
3 in the * Dictionary of National Biography,' the following 
s,rk in speaking of his observations : — 

Although including only what was indispensable in order to 
Jice the places of the Sun, Moon, and planets at the most im- 

- ant points of their orbits, they are of value as being made on 
cilley's system and with Bradley's instruments; yet they have 
er been reduced." 

n the stupendous work effected by Sir George Airy in the 
5er part of his tenure of office as Astronomer Eoyal, that of 
acing the lunar and planetary observations of his predecessoi* 
n the year 1750 to 1830, those were included which had b661i 
le by Bliss as well as by the assistant G-reen, who continued 
en during the months which intervened between the death of 
S8 in 1764 and the appointment of Maskelyne in 1765. ' 

- may here take the opportunity of remarking that although 
Lee parish-registers, quoted both in Lysons's • Environs of 

adon ' and Hasted's ' History of Kent,' show that Bliss was 
?ied there on Septeuiber 4, 1764, two days after his death at 
s Eoyal Observatory on September 2, it does not appear that 
Y stone was placed as a memorial ; at any rate, if one ever was, 
i inscription on it (as I can state after several searches) has 
!ome illegible. In Sir George Airy*s Eeport for 1855; he 
saks of the restoration of the tomb in which Halley and Pond 
re buried ; and says that the stone in memory of Halley (now 
the Eoyal Observatory) was " so much injured that mere repair 
)eared hopeless." A rubbing of the inscription was therefore 
en, and the same cut upon a tiew stone, the new inscription 
ng a rigorous copy of the old one. The former is now con- 
3rably worn (ov^ing to the influence of the weather in its hori- 
ital position), and the final je looks at first sight like a. 

Tours faithfully, 
Uackheath, 1S91, Aug. 5. W. T. Ltnn. ' 

Ancient Eclipses. 
Gentlemen, — 

Mr. Pinches communicated some time ago to the * Babylonian 
d Oriental Eecord ' transcriptions 'and translations of cuneiform 
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inscriptloDs on a Babylonian tablet in the seventh year of Cambyses, 
king of Persia, which record two eclipses of the Moon on the 14th 
of the months Tammuz and Tebet respectively in that year. Mr. 
Pinches did not identify the eclipses, but I do not think we need 
hesitate to regard them as those which are tabulated in the ' L'Art 
de verifier les Dates,' as having occurred on the 5th of July and the 
.30th of December respectively in the year b.o. 522, thus confirming 
the date of the accession of Cambyses. The Babylonian months 
being lunar, the eclipses would occur on the same day of each 
month. 

Mr. Stockwell has communicated another article to the ' Astro- 
nomical Journal' (No. 244), in which he contests some of my 
remarks in the June number of the ' Observatory.' I have written 
to the ' Astronomical Jou^na^,' and need only ask of you space for 
a very few lines on the subject. Mr. Stockwell has rightly 
noticed a lapsus plumm on my part in line 25 of p. 235 of the 
' Observatory,', where "before should be "after"; but this 
does not affect the conclusion. I must acknowledge another 
inadvertence in p. 234, line 9, where " preceded " should be 
" followed." That the Olympic festivals followed by one year 
the years which corresponded to bissextile years in the Julian 
calendar is (as I remarked before) not a matter of opinion, but has 
been sufficiently proved in 'L'Art de verifier les Dates,' vol. i. 
pp. xxiii & xxxix. 

Mr. Stockwell quotes liiddell as his authority for saying that 
in the year b.o. 81 (undoubtedly corresponding to a bissextile) an 
Olympic festival was suspended by Sulla on account of the spec- 
tacles he was exhibiting after his triumph for his successes in the 
Mithradatic War. Appian is the source of this statement, but 
it is not clear from his language how long after the triumph (held 
at the beginning of February) the festival was to have taken place 
which was in great part suspended. Sulla was dictator all through 
B.C. 80 (some think the triumph was in that year), and many of 
the spectacles may have been exhibited in that year. 

Mr. Stockwell cites Josephus in saying that Augustus Caesar 
was 77 years of age at the time of his death, and by taking 
A.D. 13 for the date of this, he carries back his birth to B.C. 65, 
corresponding to a bissextile. The same year Jerusalem was 
taken by Pompey, and Josephus says that this was in the 179th 
Olympiad. But he does not say (as Mr. Stockwell quotes him) 
that it was in the first year of that Olympiad. Few dates in 
ancient Eoman history are better established than that of the birth 
of Augustus and the capture of Jerusalem by Pompey. It was 
the same year in which Cicero thundered forth against Catiline, 
and there is scarcely any doubt that it was B.C. 6^, Now Sueto- 
nius (surely a preferable authority to Josephus on such a point) 
says that Augustus was in his seventy-sixth year at the time of 
his death. Prom B.C. 63 (= — 62) to a.d, 14 would be 76 years, 
and as Augustus in a.d. 14 would almost have completed his 
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ear, I contend that this fully confirms that year as the date 
death. 

Stockwell is somewhat merry over his implication, that I 
it Julius CaBsar needed the light of the Moon to add to the 
f the Sun at midday. But I meant that the historian men- 
the visibility of the Moon at midday only as a remarkable 
stance. I gave not a translation like Mr. Stockwell, but 
ginal passage, and still think that " hora VI," without any 
nations, means the sixth hour of the day. It will be noticed 
le word " waited" in the translation does not occur in the 
1. Tours faithfully, 

heath, 1891, Aug. 15. W. T.'LtnN. 

The Chinese Eclipse of b.-c. 776. 

TLEMEN, 

Some time ago I alluded to an eclipse of the Sun which 
>d on September 6, B.C. 776, and is mentioned in a Chinese 
edited by Confucius (Kung Kew) or one of his disciples 
t^o centuries afterwards. As this is probably the most 
J record existing of an eclipse which can be identified, it 
. to me that a reference to the original might interest some 
r readers. But I had much trouble to find it because there 
stake in ' L'Art de verifier les Dates,' where it is stated to 
Tchun-tsieou, whereas it is really in a collection of poems 
she ' She-king.' Father Gaubil, however, gives the correct 
ice in the second volume of the ' Observations,' edited by 
} at Paris in 1729-32, and also points out that the eclipse 
id in the sixth year of the reign of the emperor Yeou-wang, 
lending to the first year of the first Olympiad and to the 
0. 776 of our chronology. The record is in the ninth ode 
fourth book of the * She-king,' the former part of which, as 
ted by Dr. Legge in the fourth volume of his ' Giinese 
s,' runs thus : — 

X. 

" At the conjunction [of the Sun and Moon] in the tenth month 
On the first day of the Moon, which was sin-nuu>u^ 
The Sun was eclipsed, 
A thing of very eyil omen, 
Then the Moon hecame small, 

And now the Sun became small, « 

Henceforth the lower people 
Will be in a very deplorable case. 

2. 

" The Sun and Moon announce evil 
Not keeping to their proper paths. 

All through the kingdom there is no [proper] gOTemment, 
Because the good are not employed. 
For the Moon to be eclipsed 
Is but an ordinary matter ; 
Now that the Sun has been eclipsed, 
How bad it is!" 

XIV. z 
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I should mention that Dr. Legge in his note on the place erro- 
neously gives the date as Aug. 29, b.o. 775 ; the eclipse really took 
place in b.o. 776 (= a.i>. —775) on Sept. 6. 

Yours faithfully, 

Blackheath, 1891, June 27. W. T. LynN. 

[The above letter was intended to appear in our August number 
instead of the last two paragraphs (occupying 16 lines, on p. 286) 
of Mr. Lynn's letter on "Assyrian Eclipses," dated June 12 ; the 
proofs, however, were unfortunately mislaid, and we must there- 
fore ask our readers to erase those paragraphs in their copies, and 
also to read b.o. 669 for b.o. 699 in line 2 of the same page. — 
Eds.] 

Transit of Mercury, 

Gentlemen, — 

From this month's ' Observatory ' I find that during the 
recent Transit of Mercury neither the late Mr. Pogson nor Prof. 
Michie Smith at Madras observed the usual " halo " round the 
planet's disc. I think, therefore, that the following extract from 
a paper that I have submitted to the R. A. S., embodying my 
observations of the transit, may prove interesting : — 

" The aureola was best seen when the darkest part of the 
Pritcbard wedge was interposed, and was gradually lost sight of 
as the wedge was shifted and its lighter portions brought opposite 
the eye, even when the depth of colour of the wedge was sufficient 
to enable the general surface of the Sun to be observed not only 
with complete safety but also with comfort." 

From the repeated observations made by me of the halo during 

the transit, I feel confident that the Madras observers would not 

have failed to notiqp it if they had either changed the "dark 

glasses " or employed a wedge. Tours faithfully, 

The Observatory, College of Science, K. I>. NaEGAMVALA. 

Poona, 1 89 1, July 29. 

Observing Occultations, — Misuse of Scientific Symbols, 

Gentlemen, — 

The method which I described to Mr. Innes as useful for 
observing occultations, and which it appears has been employed 
for many years by Capt. Noble, is of course a good one when the 
star both at the disappearance and reappearance is at a con- 
siderable altitude. At low altitudes the method fails in conse- 
quence of the unequal refraction for the two places of the occulta- 
tion. Under the same condition Mr. Tatlock's improved method 
will of course likewise fail. 

Whilst I am a lover of perspicuity in scientific descriptions, I 
may say that I am also a cordial hater of anything in the shape of 
ambiguity. I therefore heartily sympathize with Capt. Noble in 
his protest against the use of the signs ' " for feet and inches or 
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minutes and seconds of time. I have on two or three occa- 
8 made the same protest here, notably in the case of a civil 
neer who published certain data of mine expressed in feet and 
es as if they were minutes and seconds of arc. Lamont's 
-known catalogues of stars are disfigured by the misuse of ' " 
ninutes and seconds of time. 

laile oa this subject I may state that I have also on several 
lions protested against the method almost invariably adopted 
le correspondents of our leading daily journal for expressing 
.mount of rainfall. It is almost always given in " points." It 
ars that some years ago the present Government Astronomer 
d that his observing staff generally throughout the Colony 
30 little idea of the nature of decimals that their reports of 
•ainfall came to him in a very ambiguous state. Accordingly, 
s printed forms he requested the observers to state the quan- 
of rain not in decimals but in " points " or " divisions " of their 
es. This was, of course, intended only as a private arrange- 
b between the head of the meteorological department and the 
cvers in order to avoid ambiguity in the returns. In his own 
al publications he has "always translated the " points " into 
Iredths of an inch. The term " points " has now, however, 
B into public use, and those who favour it are apparently de- 
lined that it shall maintain its ground. I have been frequently 
TTogated as to the meaning of the term, but have always replied 

it is not recognized in scientific circles, but is merely employed 
ersons unacquainted with the simple nature of decimals to 
•ess hundredths of an inch. Tours faithfully, 

indsor, N. S. Wales, 1891, July 12. JoHN TebBTJTT. 

Che use of ' and " for minutes and seconds of time is of course 
ardonable, though we do not quite see the enormity of using 
Q for feet and inches, where no confusion is likely to arise. It 
irbs us, however, to see such signs placed after a long decimal, 
•3843" instead of o"'3843. — Eds.] 

Total Solar Eclipse, April 16, 1893. 

JESSIEUES, — 

L'eclipse totale du soleil, qui doit avoir lieu le 16 avril, 
;, se produisant dans une region sur laquelle nous possedons 
de donnees au point de vue de la nebulosite du ciel, j'ai prie le 
;teur du chemin de fer du Ceara de faire faire pendant le mois 
ril de cette annee des observations meteorologiques k 9^ du 
n, midi et 3*" soir. Comme vous pourrez le verifier par un 
I d'ceil jete sur notre revue du mois de mai dernier *, nous y 
s public le detail de ces observations, et k la page 67 j'ai 
me les donnees concernant la pluie et la nebulosite. II resulte 
5es observations qu'il y a eu 20 jours de pluie, ayant fourni 

* ' Revista do Observatorio,' anno yi. maio de 1891, no. 5. 
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une hauteur de 262 "*/", et que la moyenne de la nebulosite a ete 
de 6,5. Ces observations out etc faites a Fortaleza, capitale du 
Ceara, designee sur beaucoup de cartes sous le nom de Ceara; c& 
point est compris dans la zone de la totalite et k environ 15 
20 kilom. S.E. de la ligne centrale (intersection avec le littoral). 

Ces observations seront reprises au moisd'avril 1892, demanie 
k reunir des donnees qui permettent de se former une opinio 
assez sure au sujet des probabilites du temps pour Yaanee 1893. 

Agreez, je vous prie, Messieurs, I'assurance de mes sentiment 
les plus distingues. 
Observatorio do Rio de Janeiro, L. CeulS, Directeur. 

25 juillet, 1 891. 
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Jupiter, 

Gentlemen, — 

On Aug. 21, 1 89 1, some interesting details were presentsi^ 
on the disk of this planet. 

A large white spot was situated on the great S. equatorial bel 
and it crossed the central meridian at 12** 10™. Eunningtotl 
N.N.E. from this marking and crossing, the equator, where 
joined the great N. equatorial belt, there was a stream of 
material closely following another marking of similar character. 

On the double belt K". of the great N. equatorial belt (ali 
double) I saw a very conspicuous black spot, quite as obvious 
the shadow of a satellite, but perhaps a little smaller. This obj 
became central at 12*' 41". In 1880 there was a remarkable ou 
break of black spots on this belt, and they moved with a velocity 
greater than that of any other Jovian features, for the period 
rotation, as I determined it, was 9^ 48'". It will be important t 
watch the spot now visible, as it possibly augurs a renewal of t' 
phenomena of 1880. 

The red spot was central at 13** 2". It was very distinct, an 
appears to be recovering its brick-red colour. Any small telescope 
will now show the spot, but it is uot such a striking feature as 
was in 1879-81. There is at present a very brilliant spot close 
its S. margin and opposite its centre, and this looks very consp 
cuous from contrast v\ ith the red spot and dusky belts outlying i 

I used a lo-inch reflector, power 252. 

Yours faithfully, 

Bristol, 1 891, Aug. 23. W. F. Denning. 




Jupiter^s Satellite-shadows, 
Gentlemen, — 

On Friday, August 14, 1891, I observed the apparent 
rare phenomena of the overtaking and overlapping of the shade 
of Sat. II. by the shadow of Sat. I. on the disc of Jupiter, 
was evident, on inspection of the ' Nautical Almanac,' that t 
might occur, for Sh. II. \a as to enter U 's disc before Sh. I. and 
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iea ve it affcer. From the data given in the ahnanac I anticipated 
a, conjunction of the shadows at about ii*" 30"* 44^ Q-.M.T. The 
t^i^scope I employed was a 6-inch refractor by Simms, focus 7 feet, 
po^wer 180* The observations made were as follows : — 



h m s h m 

-TT. Sli. Ingr., bisection of limb, G-.M.T. 10 56 44 10 51^ 

r. Sh.Ingr., „ „ II 338 1059 
I- Shi. on central meridian of 'V, „ 12 7 36 

IT. Sii. „ „ „ 12 15 41 

r« Sti. Egr., bisection of limb, „ 131433 1318 

ir. Sli.Egr., „ „ 134130 1345 



Bj the 

y Nautical 
Almanac* 



I 2** 



e conjunction of shadows might be inferred from the observed 
in^x-^sses and egresses at ii*" 42°^ ^^^ G.M.T., but I have the fol- 
io ^^^^irig observing notes as made at the time : — 

-A^t3 II** 26" 51* the overlapping shadows of I. and II. have now 

coa»l^sced, and are very black upon the. southern equatorial dark 

belt and partly north of it. At 11^ 39™ 35" the joint shadow 

se^-n<^,s quite round and very black ; it has overtaken the red spot by 

oxi^ei third of that spot; the view very good. At ii*" 44™ 36' the 

brosLciening of the south equatorial belt following the red spot is 

v^T-y manifest ; the preceding end of the red spot is on the central 

^^^^xri-dian ; the joint shadow of I. and II. still quite round. At 

^ '^^ 52™ 6* the longer axis of the overlapping shadows is. inclined 

45^ "to ]|^ 's equator ; the centre of the jpint shadow has nearly 

o vox-taken the middle of the red spot. At 12*" 19™ 51" the red spot 

^® ^U-lly centred on % , perhaps a little past (by Marth's ephemeris 

34™ 42-). 
we take the mean of ii*" 39™ 35* and 11^ 44™ 36*, we have a 
ressvilting time ii'' 42" s^'S G.M.T. as that at which the two 
shia,ciows were seen in overlapping conjunction. The shadow of 

-*-- ^^as always just wholly within the south equatorial dark belt, 
*^^ the centre of the shadow of I. seemed always on the north 
^^^^ of this belt. 

^ -Tlie same evening I had observed an overlapping conjunct ign of 
^ats. I a^jd XI. east of 7/, at 9^ 50™ 51* G.M.T. For 90 seconds 

^^^^I'e and after this time the satellites formed one mass, nearly 
^otixici, as large as Sat. III., and rather brighter. Both were 
^^^^^g towards the disc of % . They overlapped to the extent of a 
^J^<iius of either satellite. Tours faithfully, 

■^^^ireton Rectory, Sittingbourne, A. FfiEBMAN. 

1 89 1, Aug. 20. 

Merle's Comet. 

tp^ Some years ago, on looking over an old volume of the 

«ilosophical Transactions' for 1685, I noticed the following 

^^**^J*is of one Dr. Plot oq p. 931:— "W. Merle, Fellow of 

^rtoix College, observed the weather at Oxford everjr day of the 
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month seven years together, viz. from January 1337 to January 
1344, the MS. copy of which observations are yet remaining in 
the Bodleyan Library." It seems this work, through the exertionB 
of G. J. Symons, F.E.S., the meteorologist, has just been photo- 
graphed and reproduced with translation. Although it is mor« 
interesting to the meteorologist than to the astronomer, there ^^ 
an entry under the date of September 1 343 worth bringing forwar^3 
" In the second week a comet (ardens draco) was seen about su 
set, or before, in Lyndesay, which betokened future dryness the 
ijyndesay is a portion of Lincolnshire. In a 'Prospect of t 
most famous parts of the World/ 1646, it is stated that the divisi 
of Lincolnshire is into three principal parts, viz., Lindsey, Ke=^ s- 
teven, and Holland, and that Lindsey is subdivided into sevente^^s^^ 
hundreds. 

Now, in Chambers's Catalogue no comet h mentioned from a. 
1340 to 1345 ; in Williams's 'Chinese Comets 'none from 1340 
T351. Consequently we have here, as it seems, the sight of 
hitherto unrecorded comet mentioned by an eye-witness. It 
greatly to be hoped that the other portion of Merle's works 
the eclipses of 1345, i349j ^3^3, and on several conjunctions 
Jupiter and Saturn and of Mars and Saturn in that century m 
be reproduced in like manner. Faithfully yours, 

Melplash Vicarage, Bridport, S. J. JOHNSON. 

189 1, Aug. 27. 
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Berne Time and the ^ Nautical Almanac' 

Gentlemen, — 

There is something so Arcadian in the simplicity of 
Backhouse as to be positively touching. Can he have conside 
for an instant, that the insertion of the geographical co-ordina 
of the Berne Observatory in the ' Nautical Almanac' would 
volve a slight amount of trouble ? or reflected how very much eas 
it is to go on, year after year, grinding out the same details fr 
the same tables (as the " Bogie Man " is ground out on a str 
organ) than to introduce any fresh matter whatever for the use a 
convenience of Astronomers? Really, to read his letter, o 
would think that Dr. Hind existed for the Office of Superintende 
of the ' Nautical Almanac,' instead of that Office existing for hi 

Forest Lodge, Maresfield, Uckfield, Faithfully y ours, 

1891, August 3. William Noble. 





OBSERVATORIES. 

Ealing. — The second five-foot mirror has been finished 
mounted in the telescope. The bad weather has prevented 
work beyond a fe^^' photographs of a very low Moon and two 
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Jupiter with an enlarged image ; these are most satisfactory. As 
far as a bad sky has allowed the mirror to be tested on stars, it is 
a most excellent one, quite free from the slight fault the first one 
had. The enlarged image of Jupiter, half an inch in diameter, 
was found to be over-exposed in lo seconds, but still much detail 
is visible on the disc. Two satellites which happened to be near 
at the time the photographs were taken (August 5th) are visible 
on the plates, though at the time the sky was not at all good. 



PUBLICATIONS. 

Pictorial Astbonomy *. — We have here another book written 
for the general reader. Considering the difficulty in providing 
matter strong enough but not too strong for the mental digestion 
of a beginner, Mr. Chambers has done his work very well. The 
illustrations are numerous and fairly good ; there is not in all 
cases that connection between them and the text that could be 
wished for. There are many mistakes, as is natural in a first 
edition ; a great many points might be made much clearer. The 
word *' perihelion " is used on page 13 correctly, but another word 
" perigee " is given, and " apogee " is given as the correlative of 
" aphelion." The statement on page 149 giving a possible diameter 
of one mile to a fireball is astounding ; Young gives ten feet as a 
limit. 

The most serious objection we would take is that the book is 
not brought up to date ; surely something in the history of Astro- 
nomy might be said of the great advances that have been made in 
photographic and spectroscopic astronomy. Still the book is very 
well done and will, we hardly doubt, prompt many who read it to 
take a permanent and serious interest in Astronomy. 



The Telescope t. — A bad book — superficial, inaccurate, and 
ill-adapted to the purpose declared in the preface, which we gather 
to be to guide the " young collector " who may wish to make such 
a study of celestial objects as a lepidopterist does of insects or a 
philatelist of stamps. We may perhaps give a few examples of 
the inaccuracy as a warning. Here are two from the same page (43). 
Foucault's pendulum experiment is described. Without mentioning 
anything about latitude, it is stated that " the pendulum slowly 

* * Pictorial Astronomy for General Eeaders,' by G. F. Chambers, F.R A.S., 
&o. Whittaker and Co., Paternoster Square. 

t *The Telescope: an Introduction to the Study of the Heavens.' By 
Joseph W. Williams. The Young Collector Series. London : Swan Sonnen- 
schein & Co. 1891. 
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alters its position, and in twenty-four hours will have described a 
circle in the same direction as the hands of a watch move. This 
is due to the twisting of the string, for it is easier for that to 
twist than the heavy bob to alter its course of swing." A more 
hopelessly confused explanation than that offered in the last sen- 
tence it would be difficult to frame. A few lines lower we read 
" The stars are placed at infinite and, in the majority of cases 
immeasurable distances from us." Overleaf : " Place some oil in 
transparent fluid and observe that it floats as a perfect sphere" 
nothing" said about equal density of oil and fluid: what delightf 
directions for a " young collector '' to make a rather delicate exper 
ment ! and what a pity it is to write bad books ! 




The SOLA.B Eclipse of 1889, Jan. i. — The Washington Un 
versity Eclipse Party have published their observations made 
Norman, California, on 1889, Jan. i. The party of 5 (Pro 
Pritchet*^, JSTipher, Engler, Charroppin, and Senor Valle) obtain 
six good negatives, of which 4 are well reproduced in the volum_ 
and there is also given a beautiful picture of the corona which 
the " result of a most careful study of all the negatives '; " as 
as two drawings, one by Prof. Engler agreeing well with 
photographs, and one by Senor Valle, wh6 used a disk to shut 
the inner corona, and thus saw streamers extending to 8 or 
diameters from the limb. Contact-observations were made and t 
position of Norman was subsequently determined by Mr. Keel 
of the Lick Observatory. No essentially new facts were brou^: 
to light; but Prof. Nipher takes the opportunity to sever 
criticise Prof. Bigelow's electrical theory of the solar corona, 
expenses of the expedition were defrayed by subscriptions f 
35 gentlemen. 



MiKBOMETRISCHE VeBMESSUNG DES StEENHAUFENS 2 762 

Herr Eeinhold Hahn, of the Leipzig Observatory, gives under 
above title the results of his differential measures of the group 
stars surrounding S 762. The position of the principal star of 
group is E.A. 6^ 34" 51% Dec. 4-9° 34'. The magnitudes ra 
from 8 to 12. The plan adopted was to determine the differen 
of E/.A. and Dec. from some one of 10 selected stars whose positi 
were known from the Leipzig zone catalogue for 1885*0. A m 
position for the chief star was deduced from these, and a catalo, 
of the whole 61 stars formed. Qreat care has evidently b 
taken, and particular attention has been given to the thread 
tervals and value of the screw revolution. A chart of the g: 
is appended. T. 
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NOTES. 

Feeiodicitt or Solar PROMiifENCEs. — Sporer showed in 1882 
that the latitude of solar prominences varied in sympathy with 
the sun-spots. M. A. Eicco has reduced the observations made 
at Palermo 1880-1890 and finds ample confirmation of this result. 
Complete observations were made of the chromosphere on 2207 
days during this period, and 7663 prominences of more than 30" 
were noted. 

Just as in the case of spots near minimum, there are two 
families on the Sun at the same time — one the remains of the 
dying period, near the equator ; and the other in high latitudes, 
the early members of the new — so in the case of prominences 
M. Eicco finds two generations overlapping, only here it is the 
prominences in high latitudes which represent old age, youth being 
near the equator; and it is at the maximum of activity that we 
find this coexistence. M. Eicco's diagram, reproduced below, 
gives a very graphic representation of the facts. His results are 
given in * Comptes Eendus,' cxiii. p. 255. 
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The project for an observatory on Mt. Blanc is not to fail for 
want of energy or funds. M. Janssdn reports that M. BischofE- 
sheim, Prince Eoland Bonaparte, Baron Eothschild, and M. Eiffel 
have promised their support. The first step is to determine the 
thickness of the ice-cap, for the Observatory must be built on the 
solid rock. A horizontal gallery is to be cut in the ice to settle 
this interesting point. 



Photogbapht of Solab Pbomikenoes. — Among the visitors to 
the British Association was Prof. G-. E. Hale, Director of the 
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new Kenwood Physical Observator}', who is planning systemaMc 
photographic work on the Solar prominences, and has already 
obtained most encouraging results, some account of which will be 
found in the Am. Journ. of Sci. for 1891, Augast; Ast. Naeb- 
3006, 3037, 3053 ; and elsewhere. The first result of importaaee 
was the brilliant reversal of the lines H and K, "fine bright lin^s 
being at the centre of broad dark bands in the atmosphefic 
spectrum." Subsequently Mr. Hale has obtained in all eight lia^» 
on the photographs ; and measures made since he came to Englar'^d 
give for these the following wave-lengths, the suggested orig;'^ "^ 
being indicated by the adjacent columns : — 



u 



Prominences 
(Hale). 

3968-56 

3933'86 

388873 

3970-11 

3889-14 

3835-54 

3798-1 

3770-8 



Calcium 
(Rowland). 
3968-61 

3933*8o 



Hydrogen 
(Ames). 



3970*25 

3889-15 

3835-6 

3798-0 

37707 



" Decision must be reserved for the present as to the Ir 
3970-11. The wave-length has been determined from four plat- 
and its probable error is 003 ; but as the line is not far frc 
where a ghost of H should fall, I cannot be certain that it beloi 
to the prominence spectrum." 

"The line at 3888-73 has not been accounted for. It forrn^ 
close double with the hydrogen line at 3889-14, and with it atta 
as great elevations above the limb as those reached by H and 
The character of the lines, however, is quite different, for Avbm^ 
the hydrogen line is wider and slightly diffuse, the line at 3888^ 
is very narrow and sharp. I have seen no statement that t> 
hydrogen line has shown any signs of duplicity, and, as MT 
Huggins has had the kindness to examine the corresponding lin^ 
some very sharp photographs of stellar spectra with the sa 
result, we have reason to consider an independent origin p 
bable." 

Mr. Hale's instruments are a 12-2-inch equatorial refractor 5; 
Spectroscope with 4-inch Rowland grating (14,438 lines to iu^ 
and collimator and telescope of 35 inches aperature and 42^ inc 
focal length, inclined to each other at a constant angle of 25^. 



s 




it 
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TttE Vaeiations of the Magnetic Needle. — An import^^ 
paper by Prof. F. H. Bigelow, already known in connexion vr:^ 
aai electrical theory of the corona, appears in the * Am. Journ. 
Science ' for September 1891. He has developed a suggestion m 
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imself in Maj of last year with most satisfactory results, and 
\ that the variations of the magnetic needle may be explained 
be motions of the Earth through a uniform field of magnetic 
^if ive take the radiant sunlight as the uniform field of force^ 
ted positive towards the Sun, This conclusion was deduced 

an analysis of the material collected for June 1883 by the 
•national Polar Comnjission. The monthly means for each hour 
time, at thirteen stations, of the horizontal and vertical forces 
he declination were reduced to rectangular coordinates ; and 
ifferences between the mean and hourly values combined to 

the total deflecting force at the station. These deflections are 
dered due to a component coming to the needle from space. 
xt a large model was constructed on which these component 
s were represented in direction and magnitude. By assigning 
in meridians for the hours, and supposing the permanent pole 
ke up its position from one meridian to another, there was 
y collected upon these meridians representing a series of local 
-angles, now referred to the Sun as if the Earth had ceased to 
^ on its axis, an exhibition of what exists over the globe at 
ame instant of time.*' The model was compared with the 
•etical distribution of lines of force over a sphere in a uniform 

of magnetic force, as determined by Thomson, Maxwell, and 
rs, with the gratifying result quoted above. And there 
.ins one more important point. ** The permanent magnetic 
ition of the Earth may be principally due to the orbital motion 
Lie Earth through the radiant field of sunlight." We shall 

with great interest for the detailed computations which Prof. 
low is now undertaking with a view to confirm these important 
lusions. 



HE AsTBOPHOTOGBAPHio Chabt. — We are glad to see that 
Loewy feels the same anxiety which we have at times 
savoured to display lest the scheme for this work should be 
itnbitious. He has recently requested serious reconsideration 
he proposal to systematically observe with meridi'in instru- 
's all the " guiding stars" and other " etoiles de repere" required 
xing the coordinates of the centres of the separate plates, 
oints out that this will be a very laborious operation, and by 
>arison with the revision of Argelander's zones under the 
ces of the Astronomische Gcsellschaft, now nearly completed, 
ves an estimate of the time which will be required for such a 
His very practical suggestions for rendering this labour 
eessary amount essentially to two (vide C, R, cxii.) : — First, 
several plates should be taken together for measurement, a 
^xion being established between them by micrometric measures 
le faint stars photographed on both, in which case we greatly 
id the area to be coordinated and make practically certain 
eluding a score of bright stars : and, secondly, to use places of 
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fainter stars already determined, making up for the inaccuracy dui 
to proper motion in the interval between the epoch of observatio 
and 1900 by the large number of such stars available in thi 
way. We should be very glad to see these suggestions carried int 
effect so as to at least considerably reduce the scheme for meridia 
observation. 








Mb. T. W. Backhouse has published, as No. i of the "Pub 
cations of West Hendon House Observatory,'' the observations czzz> 
which were founded his two papers on " The Structure of t 
Sidereal Universe" (Mon. Not. vol. 1. p. 374, and Sid. Mess. vol. 
p. 337). It is to painstaking observers like Mr. Backhou- 
that we must look for the accumulation of facts necessary tp t 
unravelling of the complicated problem to which Dr. Huggins 
hopefully alluded as the work of the next century. The prom 
of future material implied in the superscription is gratifying. 

We learn with great pleasure that several members of t^ 
" Astronomical Society of the Pacific " have generously subscii 
to the '* Father Perry Memorial Eund." In order to complete t> 
amount for the new object-glass ^140 more is still required, so th^ 
further subscriptions will still be very welcome. 

Me. W. W. Campbell, of Michigan University, has been 
pointed Astronomer in the lAck Observatory in the place 
Mr. Keeler, who has gone to Allegheny. 

Prof. Barnard's observation of Encke's Comet, quoted 
p. 304, was afterwards corrected. Mr. Hind finds that Backluim 
elements with 

aM= + i' i5"-o 

represent the corrected observation within about 10" ; and theKi:*-^^ 
deduces the following ephemeris : — 

R.A. Decl. I. 

b m s 

Sept. 5 7 7 10 

9 7 40 38 

13 S 15 34 

17 8 51 3 

21 9 26 21 

25 9 59 48 

29 10 32 3 

Errata. — P. 286, line 2, /or 699 read 66g ; p. 289, line 21, ^X^'* 
a read no. 
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33 28-4 
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31 38*2 


1*53 


29 2*9 


1-87 


25 44*6 


2*27 


21 48*6 


273 


+ 17 23-8 
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MEETING OF THE ASTEONOMIOAL SOCIETY 

OF THE PACIFIC. 

Held at Lick Observatory, 1891, Sept. 5. 

^ Directors' meeting was held from 5.30 to 6 o'clock, President 

'^t'son presiding. 

- le minutes of the last meeting were approved. 

C^ wenty-five members were elected. 

^^r. Bischoffsheim was elected to life-membership. The mem- 

^hip of the Society is now 420, of whom 44 are fife-members. 

Ohe meeting of the Society was held in the Library at 7 o'clock, 

^ sident Pierson in the Chair. 

S?he minutes of the last meeting were approved. 

4?he Secretary announced that 38 presents had been received 

^:je last meeting, and the thanks of the Society were voted to the 

ciors. 

^he following papers were presented : — 

^. " Measurement of Jupiter's Satellites by interference methods," 

Professor Michel son, of Clark University, Massachusetts. 
^. " Enlarged Drawings from the Moon-negatives of the Lick 
bservatory," by Professor Weinek, Director of the Observatory 

Prague. 

c. " Catalogue of the Library of the Society," prepared by Otto 
)n Geldern. 

d. " Observations of Jupiter and of his Satellites with the ^6- 
ch Equatorial of the Lick Observatory (i 888-1 890)." 

e. " I'he Observatory of the United States Military Academy at 
est Point," by Lieut. Harlow, in charge. 

The first-named paper only was read by Prof. Can^pbeU, and the 
eeting adjourned. 

After adjournment, the members and their friends were given 
16 use of the 12- and 36-inch equatorials, and made the most of 
le superb seeing until midnight. 

Chasles Bubokhalteb, Secretary, 

VOL. XIV. 2 b 
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Astronomical Bibliography, 

SruDEirrs of astronomical history and lifceratare will find a great 
source of pleasure in the * Catalogue of the Crawford Library of 
the Boyal Observatory, Edinburgh (497 pp. 4to, in two columns), 
complied by Lord Crawford and Dr. Copeland and distributed in 
February last*, as this work differs in many ways from similar 
catalogues and contains the titles of many scarce publications. 

Among astronomical Bibliographies the great work of Lalande 
and the catalogue of the Pulkova library must always rank in the 
first line, and they possess distinctive features, by which they sup- 
plement each other. Lalande follows strictly the chronological order, 
which at the time when he compiled his invaluable work, before the 
great astronomical journals had been started, was perhaps the most 
natural. The Pulkova Catalogue first divides astronomical publi- 
cations into two classes, separately published books (libri majores) 
and dissertations and reprints (libri minores sive dissertationes). 
Within these two divisions the titles are arranged according to sub- 
ject, while a good index enables the writings of any author to be 
picked out without trouble. The catalogue of dissertations is not 
confined to papers which actually exist in the library in separate 
copies, but journals and proceedings of academies have been searched 
And the titles of any papers of more than a passing interest inserted 
in their proper places. This makes the Pulkova catalogue of great 
value to anyone who wishes to read up a particular subject. 

An attempt to compile a complete astronomical bibliography has 
been made by the late M. Houzeau together with M. Lancaster, 
whose great work is still in course of publication. But however 
much one must admire the patience and diligence of the authors, 
and however valuable and interesting the historical introduction by 
M. Houzeau is, it cannot be denied that there are grave deficiencies 
in this work. Not only have the authors attempted far too much 
and made the book swell to an inconvenient size, by introducing a 
great deal of extraneous matter, but in many cases they have evi- 
dently not seen a book or paper themselves, and some cm-ious errors 
have arisen in this way f. Of course it would be impossible for one 
or two writers to have seen with their own eyes all astronomical 
publications (unless, indeed, they made a tour of the principal libra- 
ries of Europe), but it would have been safer to have indicated w^ 

* A special one-column edition was printed in only thirteen copies, affor^^S 
room for additions and notes. ,, 

t As an example we may mention in vol. i. p. 877 : " Liv den Tycho Bra^^/ 
This is not Danish, and there never was a book with a title resembling ib*^.^ 
the least. The authors have evidently never seen Weistritz's * Lebensbesch.*^ 
ung des T. von Brahe/ as they would have found it explained in the pr«^*?® 
that it is a translation, not of a Danish book^ but of two sets of memoii^ \^ 
Danish periodicals. On the same page and the next one three short papers 1^ 
journals have been mistaken for separately published books (Nos. 6202, 6^^^' 
6207) ; the book of Friis (6205) was not published in a second edition. 
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some way the titles which have been copied second hand, as Lalande 
always does. In the absence of any mark by which such titles can 
be distiDguished, a reader cannot place the same confidence in the 
otherwise very valuable * Bibliographie astronomique ' as he would 
have a right to do if that precaution had been adopted. In this 
respect the catalogue of any large library, such as that of the R. 
Astron. Society, or even a good auction catalogue, such as those of 
Libri's or Chasles' collections, possess an immense advantage, as one 
can be absolutely sure that nothing is entered in them on mere 
hearsay, but that every book or paper has actually been handled by 
the compiler and (in the case of library catalogues) may be found 
and consulted in the place indicated. This is of course also tbe 
case with tbe new Edinburgh catalogue, but it is chiefly on account 
of the many rare books contained in it and the unusually full titles 
and descriptions of them, that this work will be found of great 
value to students of astronomical literature. 

The library of Dun Echt Observatory, which in i8S8 was pre- 
sented by Lord Crawford to the Royal Observatory, Edinburgh, was 
collected in the years 1872 to 1888, a good beginning having been 
made by the acquisition of Babbage's library. A number of very 
rare works were transferred from the library of the late Lord Craw- 
ford at Haigh Hall, Lancashire. The printing of the catalogue 
was commenced in the spring of 1887 and was finished in the sum- 
mer of 1889, but new acquisitions were entered while the printing 
was progressing. It contains between eleven and twelve thousand 
titles, a great many of which refer to short papers, while, on the 
other hand, others are titles of serial works of a number of volumes. 
The catalogue is an alphabetical one, arranged chiefly according to 
the authors' names, and the titles have been very little contracted, 
while the number of plates, pages, and unnumbered leaves are care- 
fully indicated. It is needless to say that this information is often 
very useful to anyone who wishes to know if his own copy of a 
book is complete *. As regards these particulars the present cata- 
logue gives fuller details than any other work on astronomical 
bibliography, ScheibeFs not excepted. As a means of classify iug a 
number of works which it would otherwise have been difficult to 
pick out, upwards of twenty subject-headings have been introduced ; 
but when an author's name is distinctly given in works thus cata- 
logued, they appear again under his name. Under the headings of 
Academies and Olservatories serial publications are given under the 
name of the town in which the institution in question is situated, 
Hnd this department is very complete. 

The most important subject-heading is that of Comets, which 
is remarkably extensive, and no pains have been spared to get 
"together as many as possible of the quaint little pamphlets which 

* On p. 146 it should have been stated that the first and only number of 
"vol. XV. of Zach's ' Correspondance Astronomique' is wanting (it is very scarce, the 
publication having been suddenly stopped by the clerical Censofs of Genoa). 

2b2 
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the terror of comets produced during the seventeenth and part o£ 
the eighteenth centuries, especiallj in Q-ermany. Many of these are 
no doubt worthless except as curiosities ; but as a grain of gold 
can occasionally be found among a heap of rubbish, it is well 
that this great collection of pamphlets (second probably only to 
that at Pulkova) has found a permanent home in the Edinburgh 
Observatory, particularly as they are becoming very scarce and 
dealers of late years demand exorbitant prices for them. 

The literature of the fifteenth and sixteenth centuries has evi- 
dently been specially picked out on every occasion, and the 
catalogue is singularly rich in rare old books from that period. 
Thus there is a wonderful collection of the ephemerides of Regio- 
montanus, all extremely scarce and well worth being looked at 
with veneration, since they played an important part in the great 
voyages of discovery. In addition to these there is quite a number 
of books printed before the year 1500*. Passing to the next 
century it is deserving of special notice that the library contains 
a copy of Tycho Brahe's little book on the new star, published in 
1573 and so exceedingly rare that neither Lalande, nor Kastner, 
nor Eudolph Wolf had ever come across it. It is also interesting 
to see a copy of Tycho's book on the comet of 1577 with the 
original colophon, showing that the book was complete from the press 
at Uraniborg in 1588, thirteen years before its author's death t. 
If Madler could have seen this copy he would probably not have 
made the monstrous assertion, that Tycho Brahe's system of the 
world (which is set forth in this book) was in all probability 
falsely attributed to him, as it was published after his death in a 
book of which there is no proof that he was the author ! Poor 
Tycho, who was so proud of his system, just as proud as Madler 
was of his own central sun ! 

It would lead us too far if we were to enumerate all the scarce 
boohs described in this catalogue. Naturally modern literature is 
very fully represented (though here and there a well-known 
book may be looked for in vain) ; and here again we find occasion to 
admire the fulness of the collection by seeing a complete set of 
Briinnow's * Astronomical Notices,' twenty-nine in number (the 
E. A. S. has only 28 ; it is strange how scarce this journal has 
become). But the list of Manuscripts (placed together at the end 
of the volume) deserves being specially mentioned. It contains a 
number of MSS. from the fourteenth and fifteenth centuries, 
many of which came from Chasles' collection, as well as some 
valuable modem ones, such as Carrington's original Transit Circle 

* After a very extensiye use of the Catalogue I have only found one single 
error in it, viz. on p. 237. The book, of which the title is given under the 
name of Hippocrates, is not by that author, but the last seven pages of the 
book are taken up by Hyppocratis libellus de medicorum astrologia. Lalande 
made two different books of this very scarce and interesting old book, of 
which I rejoice in the possession of a copy. 

t Compare the writer's Tycho Brake, p. 181. 
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Ledgers *, Among the most interesting manuscripts are the 
meteorological diaries kept by various members of the Kirch familj 
at Berlin from 1697 to 1774 with some interruptions. In addition 
to notes on the weather the successive writers also now and then 
recorded astronomical phenomena ; thus the discovery of the 
globular cluster M 5 by G-otfried Kirch in 1702 and careful 
observations of the sixfold tail of the comet of 1744 attest the 
watchfulness of this family of observers t. 

Lord Crawford deserves the thanks of astronomers, not only for 
having presented this magnificent collection of books to the Edin- 
burgh Observatory, but also for having printed this carefully com- 
piled catalogue of all it.<> treasures. J. L. E. Dbetbb. 



Notes on some recent Solar Disturbances. 

(i) The bright Solar Prominence of 1891, September 10. 

The early part of September was marked by a great revival of Solar 
activity. The largest group of spots witnessed since June 1885 
crossed the Sun's disc between Aug. 29 and Sept. 10, in approxi- 
mate solar latitude 22^ N. Its first appearance on the eastern 
limb was sketched on Aug. 29 in latitude 21^ N., and its transit 
over the western limb was observed both on the screen and in the 
spectroscope, on Sept. 10, in latitude 22° N. 

A comparatively small but compact prominence, of great 
brightness, was seen through the latter instrument at 0.40 G-.M.T* 
It attained its greatest height, about 35" of arc, at 1.50; when it 
assumed the appearance of four blowpipe-jets intensely bright at 
the bends. This appeared to be the time of its greatest activity, 
judging by its dimensions, brightness, and rapidity of change. 
It was watched until 2.15, when the observer had to leave it. 
And at his return at 3.5 no prominence was visible; but its 
place on the limb was distinctly marked by the intensity of 
all the bright lines which had been observed during its appearance : 
the prominence as such was extinct. 26 bright lines had been 
counted in all. And of these the usual lines of the chromosphere, 
C E ^ and D,, were so greatly intensified that the most inex- 
perienced observer could not have failed to see the form of the 
flame by any one of these colours. The well-known lines in the 





i»» 4o» 1^ 50™ 3^ 5"* P.M. 

1891, Sept. 10. G.M.T. 



* The Bedhill observations of sun-spots were presented by Lord Crawford 
to tbe Boyal Astronomical Society. 
t Compare Copernicus, vol. iii. p. 104. 
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red, 7055 and 6677 of Angstrom's scale, and Dj D^ \ \ 63 h^ and 
A, were seen bright almost quite up to the extreme height of the 
prominence ; while the remaining 13 lines glowed only up to about 
half the average height of the chromosphere. These were not 
accurately identified, but 9 of them were seen between \ 5300 
and 5400, and probably belong to the group of iron lines in that 
region ; the other four were seen between the hh group and F. 

A careful measurement of the spot drawing made earlier in the 
morning shows that a strong nucleus of a spot group was exactly 
upon the limb at the time of the spectroscopic observations. 

A more detailed account of the group of spots, as observed 
during its passage, may be given later* But in connection with the 
bright prominence it must be noted here that the entire ^roup of 
spots may be dinded into two parts — a preceding and a following 
sub-group.. The first of these was not observed on the limb. It 
was well over it on the morning of the loth of September. The 
preceding part of the following sub-group appears to have been 
the seat of the observed disturbance, and this was the most active 
centre of the whole group during its passage over the solar disc 
Both of the sub-groups were examined with the spectroscope on 
Aug. 30, Sept. 3, and Sept. 4; when nothing unusual was 
discovered in the first, while the preceding part of the following 
sub-group gave evidence of great activity by reversion, distortion, 
and widening of the C line, on all the three days of observation. 

The terrestrial magnetic field may be described as generally more 
disturbed during the progress of the spot than in the preceding 
month, and notably at the beginning and end of its coiu^se. 

But there are no indications of magnetic disturbance accom^ 
panying the solar eruptions seen through the spectroscope. Even 
the brilliant display on the western limb, of the loth, has left 
nothing that can be considered a record of itself on the magneto- 
graph curves. Waltee Sidgbeavbs. 

Stonyhurst Observatory, 
Lancashire. 

(2) The Disturbances of 189 1, June 17. 

On 1 89 1, June 17, lo^ 9" Grreenwich Civil Time, M. Trouvelot 
projected the Solar image on a screen, when his attention was 
suddenly arrested by an " extraordinary luminous appearance such 
as he had never seen before." 

" Close to the western limb was a bright spot subtending an 
angle of 3° on the limb, greatly surpassing in intensity the most 
brilliant faculsB he had ever seen. The light was not white as in 
faculsB, but slightly yellow, very like that of an incandescent lamp 

just before it acquires its maximum brilliancy A minute 

later there appeared, a little north of this object, a narrow line of 
facula, parallel to the limb and at a little distance from it, and 
subtending an arc of 5° to 6°, shining with the same kind of light 
but not so brilliantly." 
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After observing these phenomena for a few minutes, M. Trou- 
Yelot adjusted the spectroscope on the region and found two 
prominences, "one at 281° and the other at 286° to 290°/' (No 
further explanation of these figures is given in C. R., No. 25, 
p. 1420, but from comparison with the photographs, to be presently- 
mentioned, it is inferred that they are angles from N. point in the 
direction N.E., S., W.)- But it soon became evident that the phe- 
nomena were diminishing in brilliancy ; which was confirmed on 
removing the spectroscope and again mounting an ocular. " Jjkj 
ou quelques minutes plus tot etincelait une si eblouissante lumiere, 
on ne voyait rien d'inusite, pas meme la plus faible trace de facule." 
[We imagine that here M. Trouvelot is referring only to the placei 
formerly occupied by the bright light at first noticed ; and does 
not mean that the facula which appeared a minute later had also 
disappeared : though this is not quite clear from his words. We shall 
return to this point immediately.] The spectroscope was replaced 
and the prominences were found to have undergone some change, 
but to be nearly as bright as before. Only a few lines were 
reversed, however : C, D®, F, and G were very bright ; but besides 
these there was only \ 6676*8, 6, a line in the blue, and perhaps 
\ 43 94' 8. Nothing was seen on D^ and D^. M. Trouvelot con- 
tinued to observe the gradually diminishing spectroscopic phenomena 
till midday ; and again, on June 18 from 9*^ 20™ till 2^ 35°*, when 
" le ca]me est retabli et toute trace de protuberance eruptive a 
disparu." In the afternoon of June 17, observations were made 
quite independently by M. Jules Fenyi, at Kalocsa. He refers to 
the disturbed region (now marked by the facula alone ?) as " un 
groupe de taches en train de se developper k 21° de latitude, qui 
allait, selon notre calcul, franchir le bord occidental du Soleil k 
282° du pole celeste.'' But his observations were confined to the 
neighbouring prominences, whose enormous velocity in the line of 
sight struck him at once. Careful measurements gave as the value 
of this velocity 300 to 400 kilometres per second ; and the rapid 
development of the prominence from a height of 1 11" to 257" in- 
dicated a velocity of about 500 km. per second transverse to the 
line of sight. The resultant velocity, even allowing only a 
moderate component in the third direction, may have at times 
reached 1000 km. per second! If the appearances are due to 
matter in actual motion with such velocity as this, it would of 
course escape from the Sun's attraction. 

In concluding his account of the phenomenon, M. Trouvelot 
compares it to that simultaneously observed by Carrington and 
Hodgson (Monthly . Notices, xx. pp. 13-16) on 1859 Sept. i, 
which was accompanied by marked magnetic disturbances ; and he 
asks whether such was also the case on Sept. 17 On examining 
the Greenwich photographic records, we find a very minute, though 
unmistakable, disturbance at almost precisely the time noted by 
Trouvelot. It is not quite clear from his account whether he began 
observing at 10^ 7" (lo*^ 16™, Paris time), or whether the bright 
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spot saddenly appeared then. Bat it is clear that the disap- 

Searance was very rapid, and the whole phenomenon very short- 
ved. Now at to** 7", within a very small limit of error, there 
was a sudden small disturbance of all three magnets (registering 
declination, horizontal force, and vertical force), as will be seen 
from the appended diagram for 2 of the elements. The distur- 
bance is smaller than many others on the same day, although the 
day itself was very quiet ; but it differs from others, one of which 
(at about 3^) is shown for comparison in its abruptness, which is 
clearly shown in aU three curves. The change in declination is 
only about i', and in H.F. 0*0005 of the whole H.F. We may 
compare with these the change of 17' in declination, and 0*0064 of 
the whole H.r., which took place on 1859 Sept. i, simultane- 
ously with the Carrington-Hodgson disturbance, and the tremendous 
magnetic storm which went on for some days, during which the 
changes were much larger still ; and it becomes obvious that the 
phenonf^na of June 17 were of an entirely different order of 
magnitude. 

Deolinafion. 





Horizontal Force. 
Magnetic Disturbance, 1891 Sept. 17* 10^ 7™. 

Two photographs of the Sun were taken at Greenwich curiously 
near the time of M. Trouvelot's observation — one at 10^ 19"* 53* 
G.C.T., and another at 10'' 51*" 53". Both show the facula de- 
scribed by M. Trouvelot, but there is no trace of anjrfching extraor- 
dinary ; nor, indeed, should there be, according to M. Trouvelot's 
account, for the brilliant region had disappeared within a few 
minutes after 10^ 7". H. H. Tueneb. 
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Notes on Jupiter. 

The Bed Spot. — I observed the red spot paaa the centrd meri- 
dian of Jopiter on Aug. 28 at 1$'' 51™ and on Sept. 12 at 11" ii", 
BO that it followed Marth's zero meridian about 6 minuteB. Com- 
paring the obaerratioQ on Sept. 12 with one made here on Sept. 1, 
1890, at 9" 35"°, I find the mean rotation-period 

9" SS" 4o'"9 (909 rotations). 

The motion of this object appears therefore to have been slightly 
retarded during the last twelve months. To my eye the major 
axis of the spot is less than it formerly was. There is a snull 
black speck on its /. end, and the red hue is now very obvious. 




Od Sept. 10 Sat. HI. and its shadow were projected on the region 
of the red spot; the shadow was black, while the satellite itaelf 
was brown. and placed on the s.p. border of the' spot. 

Marking* S. of the Bed Spot. — Amid the fMnt belts ontlying 
the red spot there are dark and bright markings. The most con- 
spicuous of the former is an elliptical dark spot or thickening 
of a belt in about S. lat. 30°. I noticed this on the CM. on 
Sept. 4 8" 48", Sept. 11 9* 25", and Sept. 15 12'' 35". It is about 
36 minutes crossing the CM., so it extends over nearly 22° in 
longitude. This is the same object to which Mr. A. 8. "Williams 
called attention in the ' Monthly Notices,' June 1890, p. 521, and 
in July i8go its latitude was diverted several degrees northwards 
owing to the repelling influence exerted by the red spot; 
Mr. Williams noted the former object central on March 28, 1890; 
At 17" 20", and on comparing this observation with mine on 
Sept. 15 last, I find the resulting period 

9" 55" iS'-s (1296 rotations). 

It gains 22'6 on the red spot during a single revolution of the 
latter, and this is equivalent to 54*6 per day. Its conjunction« 
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with the red spot must therefore occur at intervals of about 
655 days. It now follows the red spot 3^ 54"^, so that the next 
conjunction will take place on about May 30, 1892. 

In the same latitude there are two brilliant spots separated hj 
some 35°, and shining on the S. side of the faint dark belt. The 
/. spot of these was on CM. as follows : — 



In conjunction with Eed Spot. 
Precedes Bed 10 min. 

Precedes Eed 23 min. 

I find the period is 

g^ 55™ i8"-2 (53 rotations), 

which differs only one-tenth of a second from that of the spot 
preyiously alluded to, and is doubtless situated in the same 
current. In the winter of 1 880-1 I found a period of 9^ 55" ly'-g 
for a dark spot in this latitude, and Mr. Williams gives 9^ 55°* i7"'i 
as the mean of three spots seen in S. lat. 30° in 1887 (' Zeno- 
graphical Fragments,' p. in). 

Dark spots on belt N, of N, Eqttatorial Belt, — These are nume- 
rous and very distinct ; they are situated on the S. half of a double 
belt in about N. lat. 25°. They are of special interest, from the 
fact that their motion is swifter tban that of any other Jovian 
features. One of the chief spots was observed on the CM. as 
follows : — 
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The resulting period is 

i 

9*^ 49™ 27*'2 (61 rotations), 

or 6™ 1 3'* 7 less than the red spot, so that the daily Iqss of the 
latter amounts to 15°^ 3**4. The conjunctions of the two spots 
will therefore occur at intervals of a little over 39 days. On 
Sept. 15, at 13*^, there were five of these dark N. temperate spots 
visible at the same time; they were strung like beads on the 
S. half of the belt. Mr. A. S. Williams has also been observing 
these features, and has noted their rapid motions. He finds that 
some of these spots move more rapidly than others. 

But, rapid as these spots are moving, their velocity is less than 
that of soQie dark spots which broke out in the same latitude in the 
autumn of 1880, and gave a rotation-period of 9^ 48". These phe- 
nomena were, however, somewhat evanescent, for the dark material 



Oct, 1891.] Notes on Jupiter. 831 
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forming them dispersed itself longitudinally and sooq formed a 
new dark belt on' the planet. Has the rapid motion which afEected 
this latitude in 1880 been retarded to the extent of some 8 second.s 
annually, so that the period of 9*^ 48™ in 1880 has been increased 
to 9^ 49™ 27"-2 in 1 89 1, or must we regard the present outbreak 
as new and the great proper motion as merely of temporary 
character ? From what we know of the behaviour of the markings, 
it is highly probable that there has been a gradual slackening of 
pace going on in the dark material of the belt since 1880. The 
red spot and equatorial markings fihow a retardation, and the same 
peculiarity affects some other features. It is very -singular that in 
the region of N. lat. 25° the spots move with such ejtceptional 
speed. 

I Bright spots on N, side, N, Equatorial Belt. — ^A very pronounced 
feature of this character was on the CM. on Aug. 28 10*^ 53™, and 
tjiere was a small black spot closely^, and/. I observed the same 
object on Sept. 8, 1890, 8** 2™, when it was at mid-transit, so the 
spot has a mean period of 

9^ 55" 3^^' 3 (S3 1 rotations), 1 

aind only 2 ■• 6 less than the red spot. 

There are other similar spots in this latitude (about N. 12°). 
Ij saw on6 of these objects on Nov. 27, 1884, and frequently r^ 
observed it in 1885 and 1886, and it is probably identical with 'the 
one now visible ; but I cannot prove this, as my observations havie 
not been continuous. It now precedes the red spot about 3 hours. 

White Eqyuitorlal Spots. — A number of bright spots have been 
observed on the equatorial side of the great S. belt. The fol- 
lowing are the times of observed transits : — 

1891. h m ; 

Aug. 28 10 23* ' , 

Sept. 2 1 1 47 

3 10 53 

4 9 45* 

4 •• 10 47 

These are different spots, Except in the case of the two marked 
with an asterisk. I have not been able to secure any later obser- 
vations of these objects, and must reserve the discussion of their 
periods for a future communication. 

I send you these notes in the hope that other observers will 
compare results and contribute something to your pages on the 
same subject. 

Bristol, 1891, Sept. 20. W. F, BmmNQ. , 
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Oiservatums at MorrUon Observatory on the Surface^ 
markings of Jupiter , from August to December 1890. 



Date. 



1890. 
Aug. 14 



Aug. 21 



Aug. 26 
Aug. 28 



Sept 2 



a.M.T. 



h m 
H 47 



»5 31*3 



H 4» 

16 20 



15 24 



Sept II 



Sept 16 



Sept 1 7 



16 56 



12 50 



Phenomena and Explanatory Notes. 



Bed Spot at centre of diso. Two fine round 
blade BDots north of Bed Spot, much resem- 
bling the shadows of satellites. At first thej 
were taken to be shadows. 

Centre of Ked Spot at centre of diso. The 
transit of the spot was fnost caa^fuUy observed, 
both bj the method of equal segments, as iu 
former years, and by actual micrometer 
measures. Seeing very good. Both the 
transit of centre and of following end ob- 
serred. The two fine sharp black spots on 
north edge of north equatorial belt have the 
same relatiye position to eadi other. The 
followina one of these spots is rery little pre- 
ceding the centre of Bed Spot. The dimen 
sions and outline of the Ked Spot remain 
about the same as they showed themselTes 
twelve years ago. It haiB still a pale red hue, 
which comes out beautifully in a favourable 
atmosphere. 

Centre of Bed Spot at centre of disc. Seeinegood. 

Centre at centre of disc. Fine seeing. Xhttw- 
ing made of Bed Spot. ObiseiTed both centre 
and following end at. transit. 

Centre of Bed Spot at centre of diso. Outline 
of spot distinct. The larger and preceding 
of the two black spots seen Aug. 14-21 was 
at first taken for the shadow of a satellite, 
and on this hypothesis micrometer measures 
were made of its distance from the central 
line of the disc^ perpepdioular to the rotation 
axis of planet. This distance was found to 
be 2"'96 north of the central line. 

In the attempt to obtain transit of centre of 
Bed Spot, due about ij^'S a.M.T., I was 
frustrated by the apparent swelling or pro- 
tvberance on the belt, south preceding Bed 
Spot, and in apparent ogntact with Bed Spotj 
This seems to oe the dark spot mentioned 
by Mr. A. Stanley Williams (* Observatory,* 
Nob. 165, 166), Having passed under the 
Bed Spot it is again emergme. 

Bed Spot at centre of disc. The precision of 
this observation b somewhat impaired by the 
knot or protuberance on the bdt sJp. the Bed 
Spot It is not yet clear of the Bed Spot 
Seeing not very favourable, yet great care 
was taken to obtain a correct transit. 

Bed Spot at centre. Outlines of spot distinct ; 
colour pale red. The shadow of I. was on 
the disc. 
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Date. 



1890. 
Seipt.19 



Sept 28 



Oct. 4 



Oct 6 



G.M.T. 



h m 
14 23 



16 48 



13 33 



Oct. 8 



Oct. II 



O;^. 16 



15 12 



12 45 



II 50 



Phenomena and Explanatory Notes. 



Centre of Bed Spot at central meridian. Yery 
dear, yet images not good. The two round 
black spots on north margin of north equa- 
torial belt yery plain to-night, and the fol' 
lowing one preceded the preceding end of 
Bed Spot by a quantity scarcely appre- 
ciable. 

Bed Spot at centre of disc. Seeing very poor, 
yet the two round black spots on north 
margin of north equatorial belt were dis- 
tinctly seen in the same position as on 19th. 

Two fine round black spots, resembling shadows 
of satellites, were observed on the north edge 
of the north equatorial belt, an() these are 
entirely distinct from the pair of black spots 
just north of the Bed Spot. The^ foUowing 
one of this pair of spots passed the central 
meridian of the planet at 14^ zg^ G-.M.T. 
Though carefully looked for, this pair was 
never again seen. Perhaps one of these was 
the spot mentioned by Mr. Waugh, ' Obser- 
vatory,' No. 167. 

Bed Spot at centre. Seeing was very good, and 
the Ked Spot was nearly central when the 
planet passed the local meridian. The two 
round black spots on N. margin of N. equa 
tonal belt were in their place as usual. The 
interval between them, carefully measured 
by the micrometer, was found to be 6"-8. 
The following one of this pair follows the 
preceding end of Bed Spot by a very sfnaJU 
mterval. Tlie knot or swell on the belt 
south of Bed Spot is now fairly clear of Bed 
Spot, and makes a conspicuous feature in 
that S. belt 

Bed Spot at centre. Images steady; definition 
good. The two black spots preserve the 
same appearance and relative position t<> 
each other and to the Bed Spot. The dark 
knot or swell in the belt s.p.aad ^pot quite 
prominent. 

Centre of Bed Spot at centre. Seeing very 
fine. The outline of Bed Spot was plain 
and distinct as in former years, yet its colour- 
ing is much reduced. The pair of black 
spots very distinct, with no appreciable 
cnuige of position. The bel^s all very sharp, 
and tingea with red very deeply. The knot 
or swell on the belt s.p. Bed Spot has re 
ceded still further frodi Bed Spot. 

Bed Spot at centi^. Observation made in 
early twilight and just before planet came to 
meridian. The knot or belt s.p, is still fur- 
ther receding from Bed Spot. 
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Date. 



1890. 
Ootv 18 



Oct.: 23 



Oct. 25 
Oct. 30 

Not. 4 



Nov. 21 
Nov. 26 
Dec. 3 



a.M.T. 



h m 
13 29 



12 35 



14 12 

13 19 

12 30 



" 34 

10 44 

11 30 



PhenomeDa and Explanatory Notes. 



Centre at centre. Seeinff tolerable, at inter- 
TalB Tery good. The foUowing one of black 
fpots ia still Tery little foUawing the pre- 
ceding end of Bed Spot The knot in belt 
9.p, &A. Spot still recedes very slowly from 
Bed Spot» and .is much less conspicuous in 
the belt. 

Centre at centre. Seeing excellent. Transit 
of centre and following end observed. 
During the observation the shadow of Sat II. 
was situated on the S. marein of the N. equa- 
torial belt, ^^0011 l^e pair of black. spots, 
thus affbrding a rare opportunUvto compare 
the spots with the shadow. There was a 
difference in the intensity of the blackness in 
favour of the shadow. Tkere is no change 
whatever in these spots, except that they 
may be a little elongated in tiie direction of 
the belt They are very sharp to-night. The 
dark knot in bait 8.p. Bed Spot quite plain, 
and is slowly receding towards the limb of 
the planet 

Centre of Bed Spot at centre. Seeing poor. 

Centre of Bed Spot at centre. Seeing very 
variable. 

Centre of Bed Spot at centre. Seeing excellent 
Planet near meridian. Outline of spot very 
distinct The pair of black spots still keep 
their place — following one is still a very 
little jolUming the preceding end of Bed 
Spot. They are still very nearly round, and 
much resemble the shadows of satellites. 

Centre of Bed Spot at centre. Observed both 
centre and following end. Outlines sharp 
and plain. 

Bed Spot at centre. Observed about sunset) 
and planet near meridian. Seeing good and 
spot quite plain. 

Bed Spot at centre of disc Seeing very 
variable; planet has just passed meridian. 
Observation fair. The pair of black spots 
seen as usual, the following one ixisi foUowing 
the preceding end of red spot 
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The foregoing observations and notes were drawn off from the 
observing-book several months ago ; but serious family affliction 
lias delayed their, transmission for publication till now. Perhaps 
some of the notes may have a value during the present opposition. 

The rotation time of the planet, as deduced from the observa- 
tions of the Red Spot, was computed by Prof. H. S. Pritchett, of 
Washington University, St. Louis. 
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For this purpose the observations were reduced to Ote. Long. 
305° and to Qe. Dist. 4'8o : 

Correction for Long, were of the form i™*654 (305°— L), 
„ Light Eq. „ „ 8-32 (480 —A), 

where L is the longitude and A the distance at any epoch. 

The equations of condition, involving 269 rotations of the 
planet, were 21 in number, and of the following form — 

where K = error of observation of Aug. 14, 1890. 

N = number of observations between that date and time T^. 
a? = correction to the assumed rotation, 5 9 5"' 7. 
Tj= corrected time of transit of spot at any date. 
To= „ „ „ on Aug. 14. 

Treated by the method of least squares, these equations gave the 
normals 

2i*oK+ 2679*0 07+ i48'i=o, 
2679'o K+462985'oa?+ 28344*1=0, 

where a?= — o"*o7 7226, 

and therefore the rotation time = 9** 55" 37''366 + o'''378. 

This result would seem to indicate that the retrograde motion 
of the Bed Spot has at least slackened within the last two years. 
It must be admitted, however, that the probable error of a single 
observation is large and also some of the residuals. But this was 
to be expected, as at least half of the observations were made 
under unfavourable conditions. C. W. Pritchbtt. 

July 1891. 

[We have printed the above notes aft^er some hesitation. It is 
not within our province to publish original observations, which 
are much more accessible if printed in the publications regularly 
devoted to them. But it may interest our readers to compare the 
above notes with their own observations. In several particulars 
they illustrate more especially the way not to make notes. 
Compare, for example, the variety and inaccuracy of the expres- 
sions used for describing the transit of the Eed Spot across the 
central meridian. — Eds.] 



An Astronomer^ s Work in a Modem Observatory *. 

The work of Astronomical Observatories has been divided into 
two classes, viz. Astrometry and Astrophysics. The first of these 

* From the * Proceedings of the !Roy»l Institution of Great Britain/ May 29, 
1891. 
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relates to Astronomy of precision, that is to the determination oi 
the positions of celestial objects ; the second relates to the stud] 
of their physical features and chemical constitution. 

Some years ago the aims and objects of these two classes (v 
observatories might have been considered perfectly distinct, and, ij 
fact, were so considered. But I hope to show that in more recei 
years their objects and their processes have become so interlace ^^ 
that they cannot with advantage be divided, and a fully equippc 
modern observatory must be understood to include the work bo" 
of Astrometry and Astrophysics, 

In any such observatory the principal and the fundamental i: 
strum'ent is the transit-circle. It is upon the position in 
heavens of celestial objects, as determined with this instrument 
with kindred instruments, that the whole fair superstructure 
exact astronomy rests ; that is to say, all that we find of inforir^zk— 
tion and prediction in our nautical ^manacs, all that we know^ of 
the past and can predict of the future motions of the celestd^kl 
bodies. 

Here is a very small and imperfect model, but it will serve to 
render intelligible the photograph of the actual instrument whict 
will be subsequently projected on the screen. [Here the lectuurex 
described the adjustments and mode of using a transit-circle.] 

"We are now in a position to understand photographs of tlie 
instrument itself. But first of all as to the house in whicli it^ 
dwells. Here, now on the screen, is the outside of the mwn 
building of the Eoyal Observatory, Cape of Good Hope. I sele^^t 
it simply because, being the observatory which it is my privilege t^ 
direct, it is the one of which I can most easily procure a series of 
photographs. It was built during the years 1824-28, and like »1 
the obseryatories built about that time, and like too many buil<^ 
since, it is a very fair type of most of the things which an observa- 
tory should not be. It is, as you see, an admirably solid sX^^ 
substantial structure, innocent of any architectural charm, and, ^^ 
far as it affords an excellent dwelling-place, good library accomno/^' 
dation, and good rooms for computers, no fault can be found wi*** 
it. But these very qualities render it undesirable as an observa- 
tory. An essential matter for a perfect observatory should be tb*^ 
possibility to equalize the internal and the external temperature* 
The site of an instrument should also be free from the immedi*^ 
surroundings of chimneys or other origin of ascending currents ^ 
heated air. Both these conditions are incompatible with tbi^* 
walls of masonry and the chimneys of attached dwelling-houseSi 
and therefore, so as far as possible, I have removed the instrumen^i^ 
to small detached houses of their own. But the transit-circle stii^ 
remains in the main building, for, as will be evident to you, it *•* 
no easy matter to transport such an instrument. 

The two first photographs show the instrument, in one ca^ 
pointed nearly horizontally to the north, the other pointed, ne»ny 
vertical. Neither can show all parts of the instrument, but y^^^** 
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see the massive stone piers, weighing many tons each, which, 
xig on the solid blocks lo feet below, support the pivots. 
3 are the counter-weights which remove a great part of the 
;bt of the instrument from the pivots, leaving only a residual 
sure sufficient to enable the pivots to preserve the motion of 
nstrument in its proper plane. Here are the microscopes by 
li the circle is read. Here the opening through which the 
ument views the meridian sky. The observer's chair is shown 
iis diagram. His work appears to be very simple, and so it is, 
t, requires special natural gifts — patience and devotion, and a 

sense of the importance of his work — ^to make a first-rate 
dian observer. Nothing apparently more monotonous can be 
imagined if a man is << not to the manner bom." 
aving directed his instrument by means of the setting-circle to 
required altitude, he clamps it there and waits for the star 
\i he is about to observe to enter the field. This is what he 

[Artificial transit of a star by lantern.] 
s the star enters the field it passes wire after wire, . and as it 
3s each wire he presses the key of his chronograph and 
rds the instant automatically. As the star passes the middle 

he bisects it with the horizontal web, and agam similarly 
nis on his chronograph the transit of the star over the re- 
ling webs. Then he reads off the microscopes by which the 
e is read, and also the barometer and thermometer, in order 
•wards to be able to calculate accurately the effect of atmo- 
ric refraction on the observed altitude of the star ; and then 
observation is finished. Thus the work of the meridian 
rver goes on, star after star, hour after hour, and night after 
t; and, as you see, it differs very widely from the popular 
>ii of an astronomer's occupation. It presents no dreamy 
^mplation, no watching for new stars, no unexpected or 
ling phenomena. On the contrary, there is beside him the 
ully prepared observing-list for the night, the previously 
lated circle setting for each star, allowing just sufficient time 
he new setting for the next star after tne readings of the 
> for the previous observation. 

ter four or five hours of this work the observers have had 
jh of it ; they have, perhaps, observed fifty or sixty stars, they 
Daine certain instrumental errors, and betake themselves to bed, 

but (if they are of the right stuff) happy and contented men. 
t© Cape we employ two observers, one to read the circle and one 
2ord the transit. Four observers are employed, and they are 
:>n duty each alternate night. Such is the work that an outsider 
1 see were he to enter a working meridian observatory at night, 
e would find out if he came ne^ morning that the work was by 
^ns over. By far the largest part has yet to follow. An obser- 
a that requires only two or three minutes to make at night, 
xe8 at least half an hour for its reduction by day. Each obser- 
n is affected by a number of errors, and these have to be deter- 
X. XIV. 2 
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mined and allowed for^ Although solidly founded on massive piers 
resting on the solid rock, the constancy of the instrument's position 
cannot be relied upon. It goes through small periodic changes in 
Level, in CoUimation, and in Azimuth, which have to be determined 
by proper means, and the corresponding corrections have to be com- 
puted and applied ; and also there are other corrections for refrac- 
tion, &c., which involve computation and have to be applied. But 
these matters would tall more properly under the head of a special 
lecture upon the transit instrument. I mention them now merely 
to explain why so great a part of an astronomer's work comes in the 
daytime, and to dispel the notion that his work belongs only to the 
night. 

One might very well occupy a special lecture in an account of the 
peculiarities of what is called personal equation — that is to say, the 
different time which elapses for different observers between the time 
when the observer believes the star to be upon the wire and the time 
when the finger responds to the message which the eye has conveyed 
to the brain. Some observers always press the key too soon, some 
always too late. Some years ago I discovered, from observations to 
which I will subsequently refer, that all observers press the chrono- 
graph key either too soon for bright stars or too late for faint 
ones. 

Other errors may, and I am sure do, arise both at Greenwich and 
the Cape from the impossibility of securing uniformity of outside and 
inside temperature in a building of strong masonry. The ideal 
observatory should be solid as possible as to its foundations, but 
light as possible as to its roof and walls — say, a light framework of 
iron covered with canvas. But it would be undesirable to cover a 
valuable and permanent instrument in this way. 

But here is a form of observatory which realizes all that is 
required, and which is eminently suited for permanent use. The 
walls are of sheet iron, which readily acquire the temperature of the 
outer air. The iron walls are protected from direct sunshine by 
wooden louvres, and small doors in the iron walls admit a free circu- 
lation of air. The revolving roof is a light framework of iron covered 
with well-painted jpapier mdche. 

The photograph now on the screen shows the interior of the 
observatory, and this brings me to the description of observations of 
an entirely different class. In this observatory the roof turns round 
on wheels, so that any part of the sky can be viewed from the tele- 
scope. This is so because the instrument in this observatory is 
intended for purposes which are entirely different from those of a 
transit-circle. The transit-circle, as we have seen, is used to deter- 
mine the absolute positions of the heavenly bodies ; the heliometer 
to determine with gi^eater precision than is possible by the absolute 
method the relative positions of celestial objects. 

To explain my meaning as to absolute and relative positions — ^It 
would, for example, be a matter of very little importance if the 
absolute latitude of a point on the Eoyal Exchange or the Bank of 
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England were one tenth cf a second of arc (or ten feet) wrong in 
the maps of the Ordnance Survey of England — that would consti- 
tute a small absolute error common to all the buildings on the same 
map of a part of the city, and common to all the adjoining maps 
also. Such an error, regarded as an absolute error, would evidently 
be of no importance if every point on the map had the same abso- 
lute error. There is no one who can say at the present moment 
whether the absolute latitude of the Eoyal Exchange — nay, even 
of the Eoyal Observatory, Q-reenwich — ^is known to ten feet. But 
it would be a very serious thing indeed if the relative positions on 
the. same map were ten feet wrong here and there. For example, 
if of two points marking a frontage boundary on Oornhill one were 
correct, the other ten feet in error — what a nice fuss there would 
be ! what food for lawyers ! what a bad time for the Ordnance 
Survey Office ! Well, it is just the s.am!e in Astronomy. 

We do uot know, we probably never shall know with certainty, 
the absolute places of even the principal stars to y\j^th of a second 
of arc. But -j^th of a second of arc in the measure of some rela- 
tive position would be fatal. For example, in the measurement of 
the Sun's parallax an error of ^th of a second of arc means an^error 
of 1,000,000 miles, in round numbers, in the Sun's distance ; and 
it is only when we can be quite certain of our measures of much 
smaller quantities than ^^th of a second of arc, that we are in a posi- 
tion to begin seriously the determination of such a problem as that 
of the distances of the fixed stars. For these problems we must use 
differential measures, that is measures of the relative positions of 
two objects. The most perfect instrument for such purposes is the 
heliometer. 

Lord McLaren has kindly sent from Edinburgh, for the purposes 
of this lecture, the parts of his heliometer which are necessary to 
illustrate the principles of the instrument. 

This instrument is the same which I used on Lord Crawford's 
expedition to Mauritius, in 1874. It was also kindly lent to me by 
Lord Crawford for an expedition to the Island of Ascension to ob- 
serve the opposition of Mars, in 1877. In 1879, when I went to 
the Cape, I acquired the instrument from Lord Crawford and carried 
out certain researches with it on the distances of the fixed stars. 

In 1C87, when the Admiralty provided the new heliometer for 
the Cape Observatory, this instrument again changed hands. It 
became the property of Lord McLaren. I felt rather disloyal in 
parting with so old a friend. We had spent so many happy hours 
together, we had shared a good many anxieties together, and we knew 
each other^s weaknesses so weU. But my old friend has fallen into 
good hands and has found another sphere of work. 

The principle of the instrument is as follows. [The instrument 
was here explained.] 

There is now on the screen a picture of the new heliometer of 
the Cape Observatory, which was mounted in 1887, and has been 
in constant use ever since. It is an instrument of the most refined 

2c2 
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modern construction, and is probably the finest apparatus for refined 
measurement of celestial angles in the world. 

[Here were explained the various parts of the instrument in the 
relation to the model, and th^ actual processes of observation were 
illustrated by the images of artificial stars projected on a screen.] 

Here, again, there is little that conforms to the popular idea of 
an astronomer's work ; there is no searching for objects, no contem- 
plative watching, nothing sensational of any kind. On the contrary, 
every detail of his work has been previously arranged and calculated 
before-hand, and the prospect that lies before him in his night's work 
is simply more or less of a struggle with the difficulties which are 
created by the agitation of the star images, caused by irregularities 
in the atmospheric refraction. It is not upon one night in a hun- 
dred that the images of stars are perfectly tranquil. You have the 
same effect in an exaggerated way when looking across a bog on a 
hot day. Thus, generally, as the images are approache^, they ap- 
pear to cross and recross each other, and the observer must either 
seize a moment of comparative tranquility to make his definitive bi- 
section, or he may arrive at it by gradual approximations till he 
finds^that the vibrating images of the two stars seem to pass each 
other as often to one side as to the other. So soon as such a bisec- 
tion has been made the time is recorded on the chronograph, then 
the scales are pointed on and printed off, and so the work goes on, 
varied only by reversals of the segments and of the position-circle. 
Generally, I now arrange for 32 such bisections, and these occupy 
about an hour and a half. By that time one as had about enough of it, 
the nerves are somewhat tired, so are the muscles of the back of the 
neck, and, if the observer is wise, and wishes to do his best work, 
he goes to bed early and gets up again at two or three o'clock in the 
morning, and goes through a similar piece of work. In fact this 
must be his regular routine night after night, whenever the weather 
is clear, if he is engaged, as I have been, on a large programme of 
work on the parallaxes of the fixed stars, or on observations to deter- 
mine the distance of the Sun by observations of minor planets, 

I will not speak now of these researches, because they are still 
in progress of execution or of reduction. I would rather, in the 
first place, endeavour to complete the picture of a night's work in 
a modern observatory. 

We pass on to celestial photography, where astrometry and 
astrophysics join hands. Here on the screen is the interior of one 
of t"he new photographic observatories, that at Paris. [Brief 
description.] 

Here is the exterior of our new photographic observatory at the 
Cape. Here is the interior of it, and the instrument. [Brief 
description.] 

The observer's work during the exposure is simply to direct the 
telescope to the required part of the sky, and then the clockwork 
nearly does the rest — but not quite so. The observer holds in his 
hand a little electrical switch with two keys ; by pressing one key 
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be can accelerate the velocity of the driving- screw by about i per 
cent., and by pressing the other he can retard it i per cent. In 
this way he keeps one of the stars in the field always perfectly 
bisected by the cross wires of his aiding telescope, and thus 
corrects the small errors produced partly by changes of refraction, 
partly by small unavoidable errors in cutting the teeth of the arc 
into which the screw of the driving-shaft of the clockwork gears. 

The work is monotonous rather than fatiguing, and the com- 
panionship of a pipe or cigar is very helpful during long exposures. 
A man can go on for a watch of four or five hours very well, taking 
plate after plate, exposing each, it may be, forty minutes or an 
tour. If the night is fine a second observer follows the first, and 
so the work goes on the greater part of the night. Next day he 
develops his plate and gets something like this. [Star cluster.] 

Working just in this way, but with the more humble apparatus 
which you see imperfectly in the picture now on the screen, we 
have with a rapid rectilinear lens by Dallmeyer of 6 inches aper- 
ture photographed at the Cape during the past six years the whole 
of the southern hemisphere from 20° of south declination to the 
south pole. 

The plates are being measured by Professor Kapteyn, of 
G-roningen, and I expect that in the course of a year the whole 
work containing all the stars to 9^ magnitude (between 200,000 
and 300,000 stars) in that region will be ready for publication. 
This work is essential as a preliminary step for the execution in 
the southern hemisphere of the great work inaugurated by the 
Astrophotographic Congress at Paris in 1887, the last details of 
which were settled at our meeting at Paris in April last. What 
we shall do with the new apparatus perhaps I may have the 
honour to describe to you some years hence, after the work has 
been done. David Gill. 

[To be continued.] 



Spectrum of ^ Lyrce. 

[From Astr. Nachr. No. 3051.] 

The spectrum of the variable star j3 LyrsB is unlike that of any 
other star hitherto examined. With the aid of Mrs. M. Fleming 
and Miss A . C. Muury a careful study has been made of twenty- 
nine photographs of this object. These photographs form part of 
the Henry Draper Memorial. The images on four other plates 
w^ere too indistinct to be used and were not included in the follow- 
ing discussion. The spectrum is traversed by broad dark bands 
due to hydrogen, and also by other lines characteristic of many stars 
in the constellation of Orion, and forming that division of the 
first type which is designated as B in the Draper Catalogue. But 
besides these several bright lines are visible which change their 
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positions. The most conspicuous of them have the approximate 
• wave-lengths 486, 443, 434, 410, 403, and 389. The first, third, 
fourth, and sixth of these apparently coincide with the hydrogen- 
lines F, G-, A, and a. The others are two of the most marked of 
the Orion lines. The bright lines sometimes have a slightly 
greater wave-length than the corresponding dark lines, so that 
the latter sometimes appear to have bright edges on the less re- 
frangible side, while at other times the reverse is the case. 

It is obviously desirable to trace any connection which may 
exist between these changes and the variations in the brightness 
of the star, the principal minima of which occur at regular intervals 
of about \2^ 22**. There are two maxima occurring at 3*^ 5** and 
9** 1.6** after the principal minimum, and an intermediate minimum 
following it 6^ 11**. Of the eleven plates in which the bright lines 
had a diminished wave-length it was found that all had been taken 
during the second half of the period of variation, that is, after the 
second minimum, and more than 6* t i** after the principal mini- 
mum. The fourteen plates taken during the first half of the 
period all showed an increase in wave-length of the bright lines, 
that is, the dark lines appear bright on the side towards the red. 
There are, however, three exceptions, plates at 6* 13**, 7* 12*", and 
at ii*^ II** show an increased instead of a diminished wave-length. 
A re- examination of these three plates showed that the deviation 
of the lines was not very marked, and two other plates taken near 
the two minima showed a tendency of the lines to occupy an inter- 
mediate position, and sometimes apparently to fall on the dark lines 
so as to nearly disappear. 

Since the observations extend evermore than four years, or 130 
periods of variation of the star, this latter period must coincide, or 
at least agree very closely, with the period of change in the lines. 
It seems probable that they are due to the same cause. It should 
be noticed, however, that bright lines are not visible in the spectra 
of other variable stars of short period. The spectrum of S Mono- 
cerotis is of the Orion type, with dark lines resembling those in 
the spectrum of jS Lyrae ; f Geminorum, X Sagittarii, V Sagittarii, 
•q AquilsB, and Cephei have spectra of the second type, and- the 
spectrum of T Vulpeculae is intermediate between the first and 
second types. 

The actual changes in the spectra when studied in detail are 
much more complicated than has been stated above, and show a 
variety of intermediate phases, and changes in the dark as well as 
in the bright lines. In some of the photographs. several of the 
bright lines appear to be double. Micrometric measures are now 
in progress, additional photographs are being taken, and a com- 
plete study of the whole will be made. 

The most natural explanation of the motion of the bright lines 
is that the object emitting them is revolving in a circular orbit 
having a period of 1 2* 2 2**. The maximum velocity is approximately 
300 English miles (500 km.). The corresponding minimum value 



Oct. 1891.] Selenographical Notes. 343 

of the radius of the circle would be about 50,000,0010 miles. 
Perhaps this object is a close binary resembling jS AurigSB, but 
with components having unlike spectra. The ^ phenomena may 
also be due to a meteor stream, or to an object like our Sun re- 
volving in 12* 22** and having a large protuberance extending over 
more than 180° in longitude. The occasional doubling of the lines 
would then be due to both ends of the protuberance being visible 
at the same time, one receding, the other approaching. The vari- 
ation in light may be caused by the visibility of a larger or smaller 
portion of this protuberance. 

Harvard College Observatory, EdwaBP C. PiCKEEING. 

Cambridge, Mass., 
1891, June 29. 



Selenographical Notes, 

Macrobius. — This fine deep ring-plain is remarkable for its 
regularity of form and freedom from breaks in the continuity of 
its circular border, of which there are only two of any importance. 
One is due to the brilliant crater A on the crest of the eastern 
wall, and the other to the presence of a curious depression on the 
north. A resembles, though on a slightly larger scale, the bright 
ring on the north-east border of Julius Caesar. Both the latter 
and A are at least 4 miles in diameter and are similarly associated 
with the summit ridge of the circumvallation, of which they 
appear to be expansions, alike in width and brightness. The 
great depth (some 13,000 feet) of the floor of Macrobius below the 
border involves a considerable part of the interior in shadow, even 
when the morning Sun has attained an altitude of 8° and more. 
At about this stage of illumination, however, the best view is 
obtained of the wall and its surroundings and especially of the 
details of the eastern border. The steep crest of this is very 
narrow and uniform and contrasts strongly in brilliancy with the 
slope beneath it. It evidently stands at a high angle with the 
horizontal, perhaps 50° or more, while the latter runs down to 
the floor at a much more moderate and a constantly decreasing 
inclination. There is a well-marked valley separating this upper 
' ridge from the remainder of the inner slope, which may be readily 
traced under morning light in the form of a dark streak running 
concentrically with the border from the north side of the crater A 
round the eastern and north-eastern quarter of the ring up to the 
place on the north where the depression, just referred to, causes an 
apparent interruption in the continuity of the wall. This terrace, 
if it may be so termed, appears again on the south side of the 
break and may be followed under an evening Sun under the crest 
of the western wall up to the extreme southern end of the form- 
ation. The south-eastern section of the border appears to be 
devoid of terraces, though both this and the inner slope generally 
has a streaky aspect which is probably due to concentric depressions 
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mnch shallower and narrower than that immediatelj beneath tl 
summit ridge. 

Schmidt shows two minute craters on the site of the gap in t\ 

northern wall, Madler a curved ridge connected with a triangula: 

shaped plateau abutting on the edge of the formation, and Neisc 

Madler's curved ridge and plateau, with a semicircular depressk 

upon it outside the wall, and a short ridge, hard by, on the floe 

None of these representations agree with what may be observe 

when the W. long, of the morning terminator is about 28° and undi 

other liuitable conditions of illumination. At 9** on May 12, tb 

year, with a power of 350 on my 8^-in. Calver-Eeflector, the 

was occupied by a dusky circular ring, nearly double the diamet^^^^^ 

of Macrobius A, enclosing a heart-shaped depression filled witni^^^ 

black shadow. The ring projects for some distance on the flo c::i=^^ ^ 

and the inner slope of the north wall abuts on its eastern ' 

On the west it is connected with a broad ridge which runs was' 

wards towards the mountain promontory terminating in a 

marked (i in Madler's map. This depression is well worth ex? 

nation. It seems to be due to a landslip or collapse of the border- 

a not imlikely occurrence in a neighbourhood which exhibits mi 

indications of surface disturbance in the form of remarkabl 

crumplings and foldings. 

There is a distinct cleft running some little distance on tl 
west of Macrobius. It is traceable from the foot of the north- 
wall of Macrobius C to a point about midway between the peak 
and the north-west wall of Macrobius, terminating on the soul 
side of the broad ridge just mentioned (Schmidt alone shows i1 
It gradually widens as it proceeds northwards and ultimatel 
assumes the character of a narrow deep valley. A row of 8 
more shallow depressions, which is not shown in the maps, figui 
on the outer slope of the west wall of Macrobius and follows i* 
curvature. Schmidt draws a group of 5 or 6 minute hills in tl 
central part of the dark floor. These appear to stand on a 
circular mound of no great altitude, which is, however, prominei 
for some time after sunrise. 

Macrobius C, the large ring-plain on the west, is separated fro3 
Macrobius by a valley of not more than 8 miles in breadth, throu| 
part of which runs the cleft. There is a wide break in tJ 
northern wall of this formation, partly occupied by two lai 
craters, side by side, the more westerly being of the normal ty] 
and the companion very irregular in shape, with a narrow vall< 
traversing its border and extending beyond its limits on tl 
north. The west side of the interior is occupied by a low wii 
bank which impresses one with the notion that it resulted fro^ 
the inflow of some semi-fluid material through the gap in tl 
north wall. The floor of C is slightly lighter in tone than that 
Macrobius, and has no central mountain or other details, exc^ 
the mound flanking the western wall. 

Beaumont House, Shakespeare Boad, Thos. G-WTN ElGSB.. 

Bedford, 1891, Sept. 19. 
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CORRESPONDENCE. 

To the Editors of ' The Observatory: 

Madras Observations of Biela^s Comet in 1805. 

Qbntlbmbn, — 

The second observed return of this remarkable and now 
defunct periodical comet took place in 1805, when it was first seen 
by Pons at Marseilles. The probability that it was the same comet 
which had been discovered by Montaigue at Limoges, in 1772, was 
recognized in 1805, but it was then thought that the period was 
about thirty-three years, instead of a fifth part of that duration, 
as it was ascertained to be on the occasion of its return in 1826, 
when it obtained the name of Biela's comet. 

It has been generally supposed that all the observations obtained 
at the appearance in 1805 were made in Europe. It approached 
the Earth on this occasion within the distance of less than five 
millions of miles, being nearest to us on December 9. So rapid 
was its southerly motion early in that month, that it would have 
been best seen in the southern hemisphere ; but that half of the 
world did not yet possess any observatory, and was only visited by 
astronomers when some special purpose was in view. The East 
India Company had, however, for some years had an observatory 
at Madras (the same establishment which is now in want of a 
head, as it also was, by a remarkable coincidence, the last year 
that the British Association was presided over by an astronomer — 
Lord Wrottesley in i860). Its Director, at the time to which we 
refer, was Mr. Q-oldingham, but the acting astronomer was Capt. 
Warren, who was himself also absent in the early part of December 
1805. But Lieut. William Morison, of the Madras Artillery, was 
then at the Observatory, and has left a record of the appearance 
of the comet, with rough notes of its position by its places amongst 
the stars, in the constellations G-rus and Toucana, on the nights of 
December 10 and 11. These are to be found in a manuscript 
volume of Madras observations (astronomical and meteorological, 
in the years 1804, 1805, and 1806), which, though evidently a fair 
copy, has never, I believe, been printed. It is now in the library 
of the Royal Astronomical Society, and I am obHged to Mr. D. 
Packer for calling my attention (in the absence of Mr. Wesley) 
to it. 

Lieut. Morison heads his paper " Remarks on a Luminous Body 
observed on the loth of December 1805, in the constellation of 
the Crane.*' He was much struck with its appearance, which he 
says " would have answered to the description of a Comet whose 
tail was turned towards or from the earth ; " but he considered it 
unlikely that it was really a body of that nature, on account of the 
tremendous rapidity of its apparent motioil in the sky. It was 
easily visible to the naked eye, being in fact, according to Lieut. 
Morison, comparable in brightness to a star of the fourth magnitude. 
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His description agrees with that of Olbers, who had observed the 
comet at Bremen the night before (December 9) and says (' Ber- 
liner Astronomiscbes Jabrbuch' for 1809, p. 136) that it was 
" sehr schon zu sehen, und blieb noch selbst nach dem Aufgange 
des Mondes dem blossen Auge sichtbar." 

I cannot understand why these early Madras Observations have 
never been published, as they have every appearance of having 
been intended for publication. Perhaps it may be deserving of 
mention that, although no observation of this comet is recorded in 
the Greenwich Observations for that year, yet the volume of the 
* Berliner Jahrbuch ' just referred to does give an observation made 
at the Eoyal Observatory by Mr. Eirmayer, of whom, I believe, 
nothing more is known ; this observation is duly included in Carl's 
list in his well-known and useful "Eepertorium der Cometen- 
Astronomie." Yours faithfully, 

Blackheath, 1891, Sept. 3. W. T. Ltnn. 

P.S. (Sept. 9). — Since writing the above, Dr. Dreyer has called 
my attention to a paper by Dr. Winnecke in the 15 th Jahrgang 
(1880, p. 372) of the * Vierteljahtsschrift der Astronomischen 
Qesellschaft,' in which an account is given of some observations 
of Biela's Comet in 1805 made by MM. Malavois and Dupeloux 
in the Isle of France (Mauritius). Those of M. Malavois were 
made with a sextant on the 14th of December. The following is 
his description of the comet's appearance, which is very interesting 
when read in the light of its subsequent history : — 

" Cette comete est photospherique, c.-^-d. entouree d'une sphere 
lumineuse dont le diametre m*a semble etre en totalite d'environ 
45 minutes; mais la partie la plus lumineuse ou Taureole vue au 
commencement du crepuscule du soir n'etait gueres que de 20 ^ 
25 minutes ; on la distinguoit alors tres bien, tandis qu'a peine on 
pouvoit apercevoir les etoiles de 7"^® grandeur. La comete vue 
avec une lunette qui grossit seize fois le diametre des objets m'a 
paru divisee en deux par une petite bande obscure ; j'ai ]ug^ son 
diametre apparent d'environ une minute, mais les bords m'ont 
semble confusement termines et se fondre avec la lumidre nebu- 
leuse ; une etoile de 4® k 5® grandeur que je distinguois tres bien 
dans I'aureole k 4 ou 5 minutes de la comete, s'est trouvee dans 
une position et une distance differente par rapport k cet astre 
dont le mouvement propre etait en effet considerable, comme on 
va la voir." 

With regard to the expression that the comet appeared to 
M. Malavois to be divided into two by a small dark band, 
Dr. Winnecke asks whether we may find in this " einen An fang 
der Vorgange, die zu dem hochst merkwiirdigen Umstande Anlass 
gaben, dass 1846 und 1852 statt eines Cometen deren zwei be- 
obachtet wurden, und dass man spater den Cometen iiberhaupt, 
als solchen wenigstens, nicht wieder geschen hat ? " 

M. Malavois states that from four days before his observation 
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{% e, on the loth of December) MM. Laprie and Dabadie, the one 
censor, the other professor at the colonial Lyceum, had noticed 
the comet (" un astre ayant Tapparence d'une belle 6toile nebu- 
leuse "), and that it rapidly traversed, in a direction nearly from 
north to south, the space between the constellations Q-rus and 
Pavo. W. T. L. 

Sir William Lower's Observations of Halley's Comet 

in 1607. 

Gentlemen, — 

There seems to exist much misconception with regard to 
the observations of this comet in 1607 by Harriot and Lower, pro- 
bably in great part due to the mistakes made by Baron von Zach 
in deciphering the manuscripts which he discovered in 1784 and 
published an account of them in the ' Berliner Astronomisches 
Jahrbuch' for 1788, besides other later papers respecting them 
in the * MonatHche Correspondenz,' &c. Prof. Eigaud gives a 
corrected version of the observations in the Appendix to his classic 
'Miscellaneous Works and Correspondence of the Eev. James 
Bradley.' That work appeared in 1832 ; but it is as well to men- 
tion that Eigaud published a Supplement to it in the following 
year, which is bound up with it in the E.A.S. copy, but is appa- 
rently not in the library of the British Museum. 

In the life of Harriot in the ' Dictionary of National Biography ' 
we read : — " He first saw the comet of 1607 (Halley's) from Ilfra- 
combe on 17 Sept. His observations upon it were made with a 
* cross-staff,' giving the distances of the nucleus from various 
stars." 

Now it happens that the whole of Harriot's observations of this 
comet were made at Sion House, near Isle worth, where he was 
allowed a residence by his patron the Duke of Northumberland. 
(One of von Zach's numerous mistakes is that Harriot observed 
at Sion College, which was not built until several years after his 
death.) The first was on the 21st of September ; the last on the 
13th of October, when the tail was *' obscurissima." 

The observations of the same comet made off the coast of 
Devonshire and in Carmarthenshire were by Sir William Lower, 
who sent an account of them, in a letter dated Sept. 30, "to 
his especiall good friend Mr. Thomas Harriotte att Sion neere 
London." He first saw it, he says, at Illford combe (the old name 
of llfracombe) ; but it appears, by the later account in the letter, 
that " at " means '* off " that place, after he had embarked in a 
ship for Wales, when about midnight he perceived the comet. 
Crossing over the Bristol Channel to Kidwelly (a place the men- 
tion of which von Zach overlooked and fancied the subsequent 
observations were made in Devonshire) he observed the comet 
again ; and at a place called Traventi *^ on Mount Martin, near 

* In the Appendix to Bigaud's * Bradley * this is called Irakenti ; but in 
the Supplement we are told that the correct reading of the MS. is certainly 
Traventi. 
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that town (where he appears to have possessed an estate through 
his wife)^ he made ohseryations, with a cross-staff sent down for 
the purpose of measuring land, from the 22nd of September to 
the 6th of October, including every night in the interval ex- 
cepting four when the sky was cloudy and one when he " was 
a gossipinge." 

Of Sir William Lower not much is known. I was led to these 
remarks by a letter of inquiry from Mr. Arthur Mec, F.R.A.S., of 
Llanelly, Carmarthenshire, who asked information respecting this 
astronomer who observed in that county. Finding, however, 
that he was really a Copnishman, I wrote to Mr. Dunkin, who 
tells me, in a letter dated Sept. 16 : — 

"The Lower family were settled chiefly in the parishes of 
Landulph and St. Winnow in Cornwall. The Sir William Lower 
who corresponded with Harriot is mentioned in the ' Bibliotheca 
Comubiensis ' and E. H. W. Dunkin's * Monumental Brasses of 
Cornwall.' He was the eldest son of Thomas Lower of St. Win- 
now and Jane his wife, one of the four daughters and co-heirs of 
William Reskymer." Mr. Dunkin then quotes from his son's 
book : — " William Lower of Traventy, co. Carmarthen, returned 
M.P. for Bodmin on Sept. 27, 1601, knighted at Theobalds on 
May 7, 1603, and married to Penelope, daughter and heir of Sir 
Thomas Perrott, Kt., and niece of William, Lord Knollys, of Grays. 
He died intestate on April 12, 16 15, and on May 17 following an 
administration grant was taken out by his widow, who afterwards 
married Sir Robert Naunton, Kt., Secretary of State to James I." 

I may add that the Sir William Lower — who supported the 
royal cause in the early part of the Civil War and afterwards took 
refuge in Holland, where he wrote a number of dramatic poems 
which acquired little fame — was the nephew of the astronomer 
who corresponded with Harriot. He died in 1662. 

Yours faithfully, 

Blackheath, 1891, Sept. 18. W. T. Lyitn. 

Berne Time and the ^ Nautical Almanac' 

Gentlemen, — 

It is generally understood, I believe, that Dr. Hind will, 
before long, vacate the post of Superintendent of the ' Nautical 
Almanac.' Captain Noble's letter in your number of the present 
month seems therefore to be somewhat needlessly strong in its 
sneer at his shortcomings. But in the present case it is, I venture 
to think, undeserved. 

Evidently some selection must be made of Observatories to be 
included in the National Ephemeris. Even so long a list as that 
in the * Berliner Jahrbuch ' might not include all of which some one 
might want to refer to, and I do not find from the list by Mr. Lan- 
caster that the Observatory at Berne publishes any series of 
observations, and its work may well have escaped the notice of the 
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Saperintendent. That its time is generally used in Switzerland is 
hsidiY ^ claim to be entered among working astronomical obser- 
yatories, for astronomers generally give their dates in Local Time. 
JVo doubt the list of observatories in the ' Nautical Almanac' 
wants, like many other things in it, revision ; and that this may be 
satisfactory there should be a Committee or Board to receive and 
decide on suggestions. It is hardly fair to leave the Superinten- 
dent to bear the whole burthen however eminent he may be ; and 
an official whose acts are commented on in the spirit of Capt. 
Noble's letter soon becomes, if he be not naturally, pachydermatous 
and ultra conservative, at all events it is to be hoped that he ceases 
to care. 

GJ-entlemen who want the positions of the less known observa- 
tories would do well to get the lists published at Brussels from 
time to time by Mr. Lancaster. 

1 1 Clifton Gardens, " YoxxvB faithfully, 

Maida Hill, W., J. F. TennaNT. 

1891, Sept. 

Berne Time. 
Gentlemen, — 

With reference to the above, I am in receipt of *' Liste 
Grenerale des Observatoires et des Astronomes, des Societes et des 
Revues Astronomiques," by A. Lancaster, Brussels, which gives 
the longitude of Berne at o*^ 29" 45''66 E. 

Yours truly, 

T. W. Backhouse. 



Jupiter's Satellites. 
Gentlemen, — 

Permit me to supply the following supplement to the 
Table which was printed at p. 321 of No. 167 of the * Obser- 
vatory,' subject to a correction noted at p. 392 of No. 169. The 
supplement will be especially useful in dealing with the case where 
a satellite is near its elongation. The satellites are supposed to 
move uniformly in circular orbits at their mean distances from the 
planet, in which case the times corresponding to the tabular dis- 
tances as seen from the Sun are the same as for those seen from 
the Earth when Jupiter is in quadrature. If greater accuracy is 
required, the numbers in the table of any satellite should be altered 
in the proportion of half the mean synodic period to the * Nautical 
Almanac ' interval between successive conjunctions. Very great 
advantages may be expected to be derived from the method of 
measurement of the positions of Jupiter's satellites relatively to 
each other, now being adopted at Yale Observatory and perhaps 
elsewhere. Faithfully yours, 

Murston Rectory, Sittingboume, A. Fbeeman. 

189 1, Sept. 15. 
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SUPPLBHENTABY Table of the mean synodic motions of Jupiter's 
Satellites, from conjunction with the planet, as seen from the 
Sun. The distances are given in terms of the equatorial 
radius of Jupiter, and are measured parallel to his equator 
and perpendicular to the heliocentric radius. 
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Total Solar EclipsCy April 16, 1893. 

Gentlemen, — 

The eclipse observers have certainly read with great in- 
terest Mr. Cruls' letter in the last number of the ' Observatory.' 
It appears from this letter that the weather is usually very bad in 
April on the coast of Brazil, and that therefore the chances of 
observing the total eclipse oE 1893 from the province of Ceara are 
very small. 

1 have myself made inquiries as to the climate of Ceara during 
recent years, and am convinced that the prospect of observing the 
eclipse from Brazil is almost hopeless. 

Mr. Boris, the French agent in Fortaleza, has kindly sent me a 
detailed list of the rainy days in Ceara during the last six years. 
The following is a resumS of this list, with the addition of 
Mr. Cruls' information : — 

April 1885, 25 rainy days and o™*6i7 rainfall. 
1886, 18 „ o '293 



1887, 21 

1888, 8 

1889, 5 

1890, 14 

1891, 20 
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Mr. Boris adds that, although the month of April is the most 
rainy, it happens sometimes that after a severe rain the weather 
clears up and remains uncloudy for several days. 

Fortsdeza, the chief \xmn of the province of Ceara, is within 
the zone of totality, but too far off from the central line to be a 
good station. However, it would be easy to get by sea to Para 
Curu, which lies nearly exactly on the line of totality and where 
there is an excellent port sheltered from the south-east winds. 
"With a little more trouble it would be possible to set up the in- 
struments on some high point in the interior, for instance in the 
little town of San Cruz or even on the Sierra do Machado, at 
600 metres above the sea-level. 

PoUowing the line of totality across the Atlantic, we see that it 
meets the African coast between Dakar and Bathurst. A little 
factory, named Joal on the Admiralty chart, lies at about 20 kilo- 
metres from the central line, and would be a good station. It 
could easily be reached from Dakar by a special steamer. April is 
the best time of the year in these parts, and, contrary to what is 
to be expected in Brazil, the observers may count upon clear 
weather in Senegal. Not a single rainy day has been recorded 
here in April; and the heat is quite tolerable, the mean tem- 
perature being 2o°*8 C. Moreover, the African coast can be 
reached in a few days, and the whole expedition need only occupy 
five weeks, including a clear fortnight for fitting up the instru- 
ments before the phenomenon. 

It is true that the astronomical conditions are best in Brazil, 
the Sun's altitude being 75° and the totality lasting 4™ 42*. But 
on the west coast of Africa the difference is slighter — ^the Sun is 
54° high and the duration is 4™ 13*. The loss of 29 seconds of 
totality is amply counteracted by the chances of clear weather. 

I think, therefore, that European astronomers would be wise in 
selecting their stations on the coast of Senegal, where they will 
find, from the Prench government, all the help they require. 

It is to be hoped that the long duration of totality will be 
advantageously employed and that astronomers will make the 
most of this eclipse, as it will not be until 1896 that another oppor- 
tunity of observing such a phenomenon will occur. 

If different nations intend to send out expeditions in 1893, it 
would be desirable that there should be a general agreement 
between the observers in order to avoid duplicate work being done. 
In recent eclipses many observers vporked exactly on the same lines, 
thus wasting the precious moments of totality. 

An international convention would prove useful in furnishing 
a general discussion of the results obtained in the last expeditions 
and in preparing new plans of action. 

The Solar Physics Committee seems to be the most efficient 
agency for taking in hand the initiative of such a kind of interna- 
tional congress. Yours truly, 

Paris, 1891, Sept. 18. CtB. DB LA BaUME PlFVINEL. 

[It is to be hoped that by the time of this eclipse the political 
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condition of Chili will be so far settled as to allow the Director of 
the Observatory at Santiago to make good use of his opportunities. 
The central line passes only 200 miles N. of his observatory ; and 
the wide interval separating him from the probdble location of 
other observers, as indicated by the interesting letter of our cor- 
respondent, suggests that the present is again a suitable oppor- 
tunity for detecting possible changes in the corona. "We fear that 
the idea of an international conference is not very practicable ; but 
meanwhile we would remind our readers that the Eclipse Com- 
mittee of the Eoyal Astronomical Society was constituted with the 
avowed object of being a centre of information to intending 
observers. — Eds.] 



OBSERVATORIES. 

The following notes on the work of some foreign observatories 
during the year 1890 have been abridged from the ' Vierteljahr- 
schrift der Astronomischen Gesellschaft,' similarly to those in 
Nos. 166, 154, 126, <fcc. 

Basel. Dr. Biggenhach, — This observatory is for the use of 
students in the University. No regular work is done. 

Bbelin. W, Foerster, — No important change has occurred in 
the staff or instrumental equipment. Dr. Kiistner obtained with 
the large transit 3454 observations in R.A., and 3070 in Dec. 
Besides working off the Pulkowa list of stars, a large inroad has been 
made in a list of some 600 stars, for Dr. Auwers, in zone + 15° to 
+ 20°. The proximity of heavy machinery appears to have an in- 
creasing effect on the observations made with the large transit. 
The stars have a rapid oscillation, and appear double with an appa- 
rent distance of some 2" or 3". That this is due to a trembling 
of the instrument as a whole is shown by the vibration of the 
circle-division under the microscope. The disturbance may pos- 
sibly arise from the new plant at the works of Messrs. Siemens 
.and Halske some 200 metres distant. 

Dr. Knorre, with the 9-inch equatorial, has determined some 
700 star-places, has made 3 to estimates of magnitude, and has 
obtained a few observations of comets, small planets, and double 
stars. All the reductions are in a satisfactory state. The time- 
service has been carried on as usual. 

Bonn. Ddchmuller. — Dr. Schonfeld, the former Director, died 
on May i. The principal work of the observatory has been the 
completion of the zone f 40° to +50°, which has been in hand 
since 1878. The first 22 catalogue-sheets (o** to 21**) contain 
1 6,0 1 1 stars, each of which has been observed 2 or 3 times. Various 
astronomical calculations. Meteorological observations. 

Bbeslav. J. G, Galle. — Usual routine work, chiefly meteoro- 
logical. 
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Brussels. F. Folie, — A combination of particularly unfavour- 
able circumstances has influenced the progress of astronomical 
work. One assistant has resigned, and another has had to be trans- 
ferred to the physical department in consequence of weak health ; 
the sky has been clouded for the greater part of the year ; and 
finally there has been the removal of the observatory to Uccle. The 
meridian work has suffered most, biit the transit is now in working 
order. M. Niesten with the 38-centimetre equatorial has prose- 
cuted his observations on the physical aspect of Mercury, Venus, 
Mars, and Jupiter. He has also regularly observed the phenomena 
of Jupiter's satellites, and occultations of stars by the Moon, 
besides making a few double-star measures. 

Since the death of M. Fievez the spectroscope has been in charge 
of M. Spee. 

Liege. M, Folie, — This observatory is attached to the Brussels 
observatory, and the observations are published in the Brussels 
volume. At present the meridian circle is dismounted and is with 
Messrs. T. Cooke and Sons. Attention seems to be given to 
observations of stars near the Pole with the transit, and of comets, 
small planets, and variable stars with the equatorial. 

Dresden. Dr. B. von Engelhardt, — 12-in. Qrubb equatorial. 
Observations of Comets Brooks 1889 V. ; Brooks 1890 II. ; Coggia 
1890; Denning 1890 VI. ; Zona 1890 IV. ; Spitaler 1890 V. 

Dusseldorp. E. Luther. — With the 7 -inch, 29 observations of 
15 small planets were made. Calculations of ephemerides. 

Geneve. B. Gautier. — ^The lo-inch equatorial has been 
utilized in making 23 observations of Comet Brooks 1890 II., 2 of 
Zona 1890 IV., and i of Denning 1890 VI. A small equatorial 
has been used by M. Emile Q-autier for spectroscopic work on the 
Sun. Meteorological work. 1520' pocket-chronometers and 
watches have passed the observatory in 1890. This is treble the 
number in any previous year. 

GoTTiNGEN. TT. Schur. — The 6-inch heliometer has been in 
regular use for two years. Observations of Victoria, Sappho, and 
comparison stars for Dr. Gill. Triangulation of Praesepe com- 
pleted. Twelve observations of Comet Brooks 1890 II. Some 
double-star measures. Parallax observations of 70 Ophiuchi. 

GoTHA. Harzer, — Observations for proper motion. Published 
in the * Astronomische Nachrichten.' 

Grignon. M, Lamey. — With respect to the drawings made of 
Mars, M. Lamey remarks that there are enormous differences be- 
tween his own and those made by his assistant M. Demoulin ; but 
each observer's pictures agree inter se. A considerable number of 
drawings of Jupiter, and 9 of Saturn. 

Hambitrg. RumTcer. — With the transit a number of observa- 
tions were made of comparison stars for comets and small planets. 
Equatorial observations of comets and the fainter asteroids. Chro- 
nometer work for the German navy. Time-service. 

VOL. XIV. 2 D 
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Heidelbebq. Max Wolf, — Possesses a 162-mm. equatorial and 
a large number of smaller instruments and photographic objectives. 
Researches on errors of photographic objectives. Photomelric 
photographic researches on star-clusters. Coloured stars. Draw- 
ings of lunar craters. Time-service. 

HEBimr. Bugen v, Oothard, — Influenza unfortunately occupied 
the Astronomer's time. 48 photographs were taken during the 
solar eclipse of June 16. 

Jena. Knapf. — This observatory was founded in 181 2 by the 
G-rand Duke of Saxe- Weimar. Observations of comets, occultation 
of stars by the Moon, phenomena of Jupiter's satellites. It is also 
a meteorological station. 

Kaloosa. — J. Fenyiy S. J. — Solar work. The Sun was observed 
on 174 days, on 67 of which it was free from spots. 

Kiel. Kmeger. — " Centralstelle fiir Astronomische Tele- 
gramme." Steinheil refractor 216 mm. Observations of newly 
discovered comets and small planets. Meteorological work. Com- 
putation of ephemerides. 

KoNiGSBEBO. C. W. F. Peters. — Meridian observations of stars 
83° and 84° north dec, of comparison stars, &c. The heliometer 
>yas used for double-star measures ; Comets Brooks 1890 11. and 
Zona 1890 IV., and observations for parallax. Lunar work. 
Meteorology. 

KBEMSMtNSTEB. Col. Wagner. — ^Ring-micrometer on a 6-inch 
equatorial. Comets Brooks 1890 II., Coggia 1890 III., Denning 
1890 VI., and Zona 1890 IV. Nebulae. The Sun was observed on 
220 days, on 147 of which there were no spots. Magnetic and 
meteorological work. 

Leipzig. H. Bruns. — The observations of Victoria, Sappho, 
and comparison stars have been reduced, and the results forwarded 
to Dr. Auwers. Zone work + 5° to -h 10°, and also -h 10° to -h 15°. 
Parallax of stars having large proper motions — Arg. Oeltz. 10603 ; 
/3 ComsB; Lalande 27298; Br. 3077; fx Cassiopeise; and 31 
Aquilae. Triangulation of trapezium in Orion nebula. 

LuiTD. Moller. — Of the stars in the zone 4-35° to -h4o° some 
24334 observations have been made, and, of these 21 136 have been 
reduced to mean equinox 1875*0. The publication, interrupted by 
the transfer of Dr. Dun^r to Upsala, will now go oij, so that the 
third volume will shortly be out. 

Milan. Schiaparelli. — 575 measures of double stars were made 
with the 18-inch refractor. 219 with the 9-inch. Longitude 
work. Meteorology. Time-service. 

MiTBnoH. Seeliger. — io|-inch refractor. Micrometric measures 
of Saturn's system ; observations of comparison stars for Comet 
1889 v.; a few double-star measures; Comets Borelly 1890 I.; 
Brooks 1890 II. ; Denning 1890 ; d' Arrest 1890; Zona 1890 IV. 
These are reduced and published in the Ast. Nach. DifEerential 
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measures of the cluster 384 Persei will appear shortly. Longi- 
tude work. 

O'Gtalla (TJngaen). KonJcoly. — The principal work of. the 
observatory is on the solar surface. Of the 205 days when obser- 
vations were made, the Sun was free from spots on 128 days. 
Spectroscopic work. Observation of meteors in conjunction with 
Pressburg. 

Potsdam. Vogeh — Spectroscopic work on close doubles, &c. 
Solar photographs. On 12 q days out of 281 the Sun was free 
from spots. Stellar photography. Photometric work. Meteorology. 

Peague (University). Weineh. — Lunar drawings with a 6-inch 
refractor and lunar work generally. Estimations of altitude in 
conjunction with Berlin and Potsdam. Phenomena of Jupiter's 
satellites. Time-service. Magnetic and meteorological work. 

Peague. Safarih — Work on Mars, Jupiter, Uranus, and 
Neptune. Prof. Safarik made 1461 estimations of brightness 
of 123 variable stars. 

Steassbueg. E. Becker, — Observations of Comets 1890 II., 
III., IV., v., VL, and comparison stars. Meridian observations 
of the Sun, Moon, Mercury, Venus, and zone-stars. A series of 
altitude-estimations with pairs of stars on 23 evenings. 

Upsala. Dr, Duner. — Variable stars. Experimental work in 
stellar photography. 

ZuEiCH. B.Wolff', — Sun-spot observattion. 298 observing days 
and the Sun was free from spots on 150 of these. 

Columbia (Missouei). Updegraff. — The director's time is largely 
occupied in the mathematical and astronomical classes of the 
University. There is a small transit, a 7 1 -inch refractor, a spec- 
troscope, and a 2|-inch altazimuth. Mr. Updegraff hopes soon to 
get into some regular work. 

Haveepoed College. Leavenworth. — Work on stellar parallax. 
Already 143 observations of S 634, 2777, 2877, 3008, 3127, and 
South 403 have been made. Sun-spot observations on 266 days. 

BiEE Casgdle. — Lord Eosse's assistant, Dr. Otto Boeddicker, 
has published * the observations made during the total lunar eclipse 
of 1888, January 28, on Lunar Eadiant Heat. There is an 
interesting introduction by Lord Bosse, of which we venture to 
reproduce the substance. 

" Some years ago it was suggested that it would be desirable to 
turn the large Beflectors at Parsonstown, armed with the thermo- 
pile, upon the Moon, with the view of detecting, and, if possible, 
measuring its radiant heat. Several attempts to do so had been 
made elsewhere, but without encouraging results, Melloni had 
employed a lens of three feet aperture of imperfect quality, but 
sufficiently good for the purpose. Owing, however, to the large 

* Trans. Boy. BubL Soc. n. 8. vol. iv. part iz. 
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absorption of heat by glass he obtained no very certain indications ; 
his pile could not have received any of the less refrangible heat- 
rays through the glass, but it appeared quite possible that with a 
speculum of equal aperture far more decided and really interesting 
and instructive results might be arrived at." 

After some early experiments, two thermopiles, with concave 
reflectors, were placed in the focus of the three-foot telescope, and 
the Moon's image turned alternately upon each pile. 

"The needle was at all times more or less, and often very 
unsteady, though by taking means of a long series of alternate 
readings it was found possible, not only to demonstrate the 
existence of a very appreciable amount of radiation, but even 
roughly to estimate its variation with the phase and form, a curve 
generally representing that variation. The results were pubhshed 
in the Proceedings of the Eoyal Society, No. 112, 1869.'' 

As the next step Lord Kosse was " able by the interposition of 
a sheet of glass to show that the Moon's heat differed materially 
from the Sun's in that it contained a much larger proportion of 
rays of low refrangibility. From the ^ery rapid diminution of the 
heat towards New Moon it was probable that at that phase the 
rejnaining heat would be scarcely, if at all, appreciable ; and from 
these two facts I concluded that the heat which I had been 
attempting to measure was heat received by the Moon from the 
Sun, but only re-radiated after part of it had been absorbed by the 
lunar surface, and then emitted as dark rays of heat. At the same 
time, so far as could be gathered from these rough determinations 
the maximum of heat did not take place as might, perhaps, have 
been expected to an appreciable degree after the maximum of light, 
that is after Full Moon. Some rough determinations of the pro- 
portion between lunar and solar radiation were also made,'' 

Dr. Copeland, on being appointed assistant at Birr Castle, 
carried on and extended these researches and found that " from 
some unexplained cause the maximum of heat seemed to occur 
somewhat before Full Moon." 

" The striking result having been arrived at that the maximum of 
heat did not lag behind Full Moon, it appeared desirable to pro- 
ceed a step further, and as a more rigid test to try how far the 
minimum of heat, which presumably existed during the progress 
of a lunar eclipse, coincided with, or came later than, the middle of 
that eclipse." 

The first results of importance were obtained on 1884, October 4. 
" Dr. Boeddicker was on the spot with the apparatus in position 
from the commencement of the penumbra until forty minutes 
after the last contact vnth the penumbra. Clouds intervened 
until twenty-three minutes before totality, when the sky became 
perfectly clear, and remained so until the end of the observations. 
The heat as before diminished, and increased again nearly pro- 
portionally to the Hght, becoming inappreciable on reaching the 
limits of totality. The minimum of heat apparently fell later than 
that of illumination. But the most remarkable thing was that 
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while during the short interval between the first contact with the 
penumbra and the commencement of total phase aU appreciable 
radiation vanished, between the end of total phase and the last 
contact with the penumbra, and even forty minutes later, the heat 
had not returned to the standard for Full Moon, being deficient 
by about twelve per cent. This we failed to explain, where we 
might expect to do so, by any derangement of the apparatus, nor 
could we trace it to any physical cause. The above observations 
were published in these Transactions for 1885 (vol. iii., series 2). 

** The next opportunity, an exceptionally favourable one, occurred 
on January 28, 1888. The sky was not obscured at all during the 
whole progress of the eclipse, and the same anomaly of the heat 
not returning to its standard value, even i hour 40 minutes after 
the last contact with the penumbra, was observed. Also the 
radiation which we began to measure i hour 5 minutes before the 
first contact with the penumbra seemed to begin to decrease 
almost immediately ; and even if the first observation be excluded, 
yet the decrease of heat seemed to begin as early as 15 minutes 
before the commencement of the eclipse. These results would 
appear to be particularly interesting as suggesting a terrestrial 
atmosphere much more extensive than it has generally been sup- 
posed to be which intercepts the Sun's rays of heat long before 
any part of the Moon has reached the Earth's shadow. We would 
much desire another opportunity for attacking the subject. As, 
however, it is exceedingly unlikely that the posaibility of mea- 
suring the heat during an eclipse under similarly favourable 
meteorological conditions will soon recur here, and as it does not 
seem profitable to spend more time in getting a slightly more 
accurate phase-curve, it seems desirable that the present commu- 
nication should close the series. If we pursue the subject of 
radiant heat further, it will be by making a new departure with 
apparatus modified so as, if possible, to combine greater sensibility 
with greater freedom from extraneous influences, varying also the 
methods, and extending the subjects and objects of investigation. 

"Dr. Boeddicker has devoted a great amount of time and labour 
to the fullest reductions, and to the. formation of the theoretical 
curve for the Moon's h'ght, possibly more than was justified by the 
probable errors of the observations ; but as the occasion was quite 
an exceptional one, it appeared best to leave nothing undone to 
get the utmost out of the night's work." 



PUBLICATIONS. 

The Dbapeb Catalogue or Stellae Speotea. — Volume xxvii of 
the Harvard Annals is a new departure in astronomical literature. 
It is a catalogue of the photographic spectra of more than ten thou- 
sand stars. Hitherto catalogues have been made of the positions 
or magnitudes of stars, or of the positions and geometrical charac- 
teristics of nebulae : but a general index to the physical nature of 
ten thousand objects is a novelty of the first importance and cannot 
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well fail of its avowed object, " to perpetuate the name of Dr. Dr»p^^ 
by a research in the branch of science to which he devoted the lar ^ 
years of his life." 

In explanation of the actnal accomplishment of what a few year^ 
back would hardly have been dreamed of, Prof. Pickering points to 
two causes as having greatly increased the number of stars whose 
spectra can now be studied photographically. The first is the in- 
vention of the dry plate ; and it vnll take us a long time to realize 
all that we owe to the inventor. The second will appear to many 
of a curiously different order of importance — " the substitution, for 
a slit spectroscope, of a prism placed over the objective, thus saving 
a great portion of the light." Perhaps, however, it is our present 
fiimiliarity with this method which causes surprise that it should 
be ranked as a distinct and recent step in advance ; and Prof. Pick- 
ering doubtless has good reason for the remark. 

The photographs were taken with an 8-inch Voigtlander lens, 
before which was fastened a prism 8 in. square with a refracting 
angle of 13°. The edge was perpendicular to the Earth's axis, so 
as to disperse the light in declination, the length of the spectrum 
being about a centimetre ; and the star being allowed to trail slightly 
gave the requisite width of a millimetre to the spectrum. Each 
plate covered 10° square, and the spectra of all stars to the sixth 
magnitude were photographed. These were divided into classes, 
much more numerous than those in ordinary use on any other sys- 
tem, and lettered accordingly. The letters A, B, 0, D indicate 
varieties of the first type ; E to L varieties of the second type ; M 
the third type ; N the fourth type ; and O, P, Q, spectra which do 
not resemble any of the preceding types. All forms of spectra ex- 
cept A, E, and H require further explanation, which is accordingly 
given in the remarks following Table II. 

One of the most important features of the work ia the method by 
which photographic magnitudes have been assigned. " The quantity 
measured in each case is the intensity of the spectrum in the vicinity 
of the G line. Accordingly, when stars having different spectra 
are compared, the results will not be the same as if the entire light 
of the stars were measured. In the latter case, the results will 
differ with the colour of the star according to the method of mea- 
surement employed. This is a serious defect in the measures of 
the brightness of the stars in catalogues hitherto published. Since 
the present measures relate to rays of a single wave-length the same 
result should be obtained whether the method of comparison was by 
the photographic plate, the eye, or the thermopile." 

Coming to the Catalogue itself we may say briefly that it contains 
in a compact form the approximate positions for 1900 of 10,351 
stars, with their reference numbers in the Bonn Durchmusterung 
and the Harvard Photometry ; their class of spectrum as above ; 
their photographic magnitudes and the differences of these from the 
magnitudes of the D.M., the Arg. Gfen. Cat., and the H.P, 

It is followed by another well-arranged table giving the details 
of the measures of magnitude on the various plates on which each 
star appears; for the whole heavens to —25° was photographed 
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^"^■^"^36, with plates overlapping in the manner adopted for the astro- 
►tographic chart, corner on centre ; and several exposures were 
sn taken on the same plate. To this again is added an appendix 
j^^pious notes and remarks. 

,^-tt would be difficult to say too much in praise of the zeal and 

r^^^^l with which this great work has been accomplished. The name 

^ _ ^Mrs. Fleming is already well known to the world as that of a 

^^"^lliant discoverer ; but the present volume shows that she can do 

^^^^1 hard work as well. The bulk of the work of examining plates 

*'^*^d preparing the copy for press was in her charge, though it was 

^^tiually commenced by Miss N. A. Farrar. She was apparently 

^^ded throughout by ladies. The photography was in the hands of 

^tessrs Clayton, Grerrish, and Gifford. To all these we owe a great 

debt of gratitude. 

NOTES. 

The alleged Vaeiation op Latitude. — The observations 
undertaken in concert at Berlin, Potsdam, and Prague for investi- 
gation o£ the fluctuations of apparent latitude have now been con- 
tinued for more than two years at the first and third stations. 
Herr Th. Albrecht communicates the results to ' Ast. Nach.' 
No. 3055, and a very fine series of results they are, showing 
immense care and skill on the part of the observers. 

The existence of a fluctuation of about o"'5 in amplitude and 
period one year seems to be definitely established by the beauti- 
fully accordant observations, though the ultimate cause has yet to 
be assigned. Smoothed curves give the following figures : — 

Prague. 
50° 5' 
Aug. I i6"'02 
Feb. 16 15 -53 
Sept.. 9 16 '07 
Feb. 27 15 -65 



Max. 1889... 
Min. 1890... 
Max. 1890... 
Min. 1891... 



Berlin. 

52° 30' 
Sept. 6 i7"'55 
Feb. 16 17 '05 
Sept. 2 17 '53 
Mar. 16 17 '03 



Potsdam. 
52° 22' 
July 23 s6"-49 
Feb. 4 55 '97 



The Asteonomisohe Gesellschatt held its fourteenth biennial 
meeting at Munich, August 5-7, under the presidency of 
M. Qylden. The Society numbers 318 members in all, 32 of 
whom are new. On August 6, after formal votes of thanks had 
been passed to the Bavarian Government for its hospitality ; and 
tributes paid to the memory of deceased Fellows, M. Seeliger read 
the Secretary's report. M. Krueger was cordially thanked for 
the care with which he edits the ' Astronomische Nachrichten.* 
Papers were read by M. Bruns, of Leipzig, " On a new method of 
determining the division errors of the Transit-circle," and by 
M. Weiss, of Vienna, " On Cometary Orbits." The latter referred 
to 91 orbits calculated by Dr. Kleift, and suggested a central 
bureau for calculating such orbits. M. Peters presented some 
photographs of the total solar eclipse of 1851 July 28. Next 
day Utrecht was chosen for the Meeting in (893. M. Bakhuyzen 
reported on the work of the observatories participating in the zone 
work. M. Franz, of Konigsberg, undertook to determine the 
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figure of the Moon and the coordinates of the principal craters 
from the Lick photographs. The members of a Bureau for calcu- 
lating the orbits of small planets were nominated. There was a 
discussion on the variation of latitude. 

The Q-esellschaft visited the Bogenhausen Observatory and 
dined with M. Steinheil, when M. Palisa's last new planet was 
christened Bavaria^ and M. Foerster announced the formation of 
a new Society at Berlin for studying meteors and terrestrial physics. 



The Eev. M. H. Close very cleverly pulls to pieces, in a paper 
to the E.Ir. Ac, 1891 June 8, the elementary deduction of the 
variation inequalities in the Moon's motion and the elementary 
proof that the shortest axis of the variation orbit is directed 
towards the Sun, hitherto given in most text-books. 

This elementary proof was first given by Newton himself, who, 
however, also gave a complete geometrical proof. It has thus 
escaped very careful scrutiny ; and it has apparently been reserved 
for Mr. Close to show that, though the result comes out right, the 
process is faulty. An occurrence of this kind, in an almost purely 
mathematical region, is certainly a curiosity. We are familiar 
with working hypotheses which satisfy most conditions except 
that of being correct in the domain of Physics; but here is a 
mathematical train of reasoning in the same plight ! 



The Appaeent Position op Solae Peominences. — Referring 
to the remarkable phenomena recently observed by MM. Trouvelot, 
Deslandres, Fenyi, and others on the Sun's surface, M. Fizeau 
points out (' Comptes Rendus,' cxiii. no. 10, p. 353) that the 
enormous velocities with which solar prominences are endowed, 
according to the testimony of the spectroscope, should give them 
an apparent displacement, with reference to the Sun's limb, of the 
nature of an aberration. This aberrational effect may explain 
many observations recorded of prominences at some distance from 
the limb or within the hmb. 

We do not remember to have seen this remark before. It is 
certainly one of great importance. 



The friends of the late Mr. IST. R. Pogson are raising a fund for 
a memorial to him in Madras. They propose (i) that a brass 
plate with a suitable inscription should be placed in the Cathedral ; 
(2) that a sum of money should be put at Mrs. Pogson's disposal 
for the education of her youngest son, a boy oE about six, most of 
the money subscribed being devoted to this latter object. Sub- 
scriptions may be sent to Mr. C. Michie Smith, Q-overnment 
Observatory, Nungumbaukum. 

We learn that the operations in connection with the proposed 
observatory on Mont Blanc have been suspended, and no more 
work is contemplated this year. A tunnel large enough for one 
man to pass along has been bored horizontally from north to south 
a distance of 30 metres, at a vertical distance of 12 metres from 
the summit. The tunnel is now closed. 
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Outburst of Spots in the Northern Hemisphere of Jtqdter. — 
On a recent Photograph of Jupiter obtained at the lAck 
Observatory. 

In his interesting " Notes on Jupiter " in the October number of 
the ' Observatory' Mr. W. P. Denning refers to the great outburst 
of dark spots which has occurred lately upon the dark belt situated 
in about latitude 25° in the northern hemisphere of the planet. 
This outburst has been watched here as closely as circumstances 
permitted, and various interesting peculiarities have been noted, 
The spots are very numerous, over 20 having been observed and 
followed for considerable periods of time, and some of them move 
considerably more swiftly than others. It is premature at present 
to attempt any complete discussion of the results, which promise^ 
however, to be highly interesting and instructive. But a change 
has recently taken place in the rate of motion of some of these 
spots of so remarkable and radical a character that a few words on 
the subject may not be out of place. 

Mr. Denning has given some observations of one of the chief 
spots of the outbreak in the paper already referred to (see * Obser- 
vatory,' p. 330), and from these observations, extending from the 
2ist August to the 15th September, he derives 9^ 49" 27"'2 as the 
. period of rotation. The motion of the spot during this time was, 
quite uniform. But a great change occunred about the 15th Sep- 
tember. The motion became suddeiily less swift, so that from 
thenceforth up to the 15th October the period of rotation has been 
9** 49" 44"*2 ; 17" longer than it was previously to the former date. 
A similar change also occurred in the case of other neighbouring, 
spots, and at the same time. So that the period of rotation of the 
surface-material of Jupiter quite suddenly increased 17' or so in 
duration over a wide region (in longitude). A change in rotational; 
rate of this kind of such suddenness, extent, and magnitude is 
probably unique in the history of the planet. 

The follovdng are some ob^erved times of transit of the spot 
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particularly referred to by Mr. DenniDg, which will serve to 
supplement the list already given by him. The times marked 
with an asterisk have been kindly communicated to me by Mr. 
Denning : — 

h m 
1891, Sept. 22. . 10 50*5 1 89 1, Oct. 

1, ..10 55* 
,,27.. 8 48-2 
Oct. 3. . 12 17* 

Observation has been much hindered lately by the bad weather, 

.and in view of the large number of spots and their different 

motions, it is very desirable that the times of the pjissages over 

the central meridian of the disk should be recorded as often as 

possible. 

Observers of Jupiter have doubtless not infrequently wished 
that they could review the planet. Some region may not have 
been observed as closely as subsequent events, may show to have 
been desirable. How nice, for instance, would it not be to be 
able to review the region known to have been occupied by the red 
spot in 1877, or some earlier year! The present outbreak of 
spots above referred to is another case, as in my earlier obser- 
vations I did not pay that close attention to this region of the 
planet which I should have done had I known what was going to 
occur. But here circumstances have been more kind. I am in- 
debted to the great kindness of Professor E. S. Holden for a 
positive copy on glass of a series of photographs of Jupiter taken 
by him with the great Lick telescope on the 19th August last; 
These photographs are of such a degree of excellence that an 
examination of them is almost like looking at the planet itself I It 
so happens that I had observed and drawn the region of the 
planet represented in these photographs on the same night, but 
about ip*^ or one rotation earlier. In my drawing only three 
spots appeal* on the belt in about 2-5° N. lat. The Lick photo- 
graphs show siiv distinctly, with traces of a seventh, and also 
indicate various interesting details not represented in the sketch. 
The markings on the S. side of this belt move so much more 
swiftly than those in other parts of the planet, that there is a 
marked displacement in the positions of the spots in the photo- 
graphs relative to the red spot, though the photographs were only 
taken about 10 hours later than the sketch. 

Yarious other interesting features are also well represented. 
On p. 330 of the * Observatory ' Mr. Denning gives some obser- 
vations of a bright spot situated to the south of the red spot, and 
figures it in his sketch on the preceding page. This spot is quite 
a glaringly conspicuous object on the photographs. The red spot 
itself is, of course, exceedingly well shown, its interior being 
slightly lighter, so that it still has an annular form. Altogether 
there are 16 or 17 spots indicated with sufficient distinctness to 
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enable their positions to be measured. But perhaps the chief 
attraction attaches to the 3rd satellite and its shadow. In the 
plate sent by Prof. Holden there are three images of Jupiter, 
2:e8pectively taken at 13^ 47" 6", 13'* 50"* 46», and 13** 53"* i6* 
P.s.t. *. In the first of these the satellite appears as a clear round 
spot beginning to enter upon the planet's disk ; in the second it 
is shown about half-on ; whilst in the third it is almost entirely 
on the disk, and still perfectly obvious, though beginning to be 
lost in the brighter surface nearer the centre. In all three images 
the shadow of the satellite appears as a very 'prominent blackish 
spot coyering the following end of the red spot, and having an 
obvious penumbral fringe f . 

In the September number of the * Observatory ' Mr. Denning 
states that on the 21st August last the spot on the belt N. of the 
N. equatorial belt was "quite as obvious as the shadow of a satellite, 
but perhaps a little smaller.'* The admirable photographs of Prof. 
Holden show that two days earlier this spot was a mere trace com- 
pared with the great dark shadow of satellite III. 

Burgess HiU, 1891, Oct 21. A. StaitlBT WillIAMS. 



The Large Sun-spot Group of Aug, 2S-0ct. 4, 1891. 

Thb following notes on some telescopic and spectroscopic phe- 
nomena observed in this large group of spots are intended to 
supplement the note by Pather Sidgreaves in the last number of 
the * Observatory.' The group was born on Aug. 28 at the eastern 
limb, its mean heliographic coordinates being lat. i8°'5 N. and 
long. 22i°*o. It died on Oct. 4, on the western limb, in lat. 
22°'o N. and long. 2 2 6°' 7. It thus both formed and died on the 
visible hemisphere. Moreover it was the largest group of spots 
observed since June 1885, and one of the largest since the great 
November spot of 1882. Fourteen drawings were obtained of the 
group at Stonyhurst. During its first passage over the disk, 
Aug. 28-Sept. 10, it consisted mainly of two very large irregular 
spots. The following of these was by far the largest spot of the 
group, and underwent the greatest internal changes. It did not, 
however, survive to a second rotation ; for then the preceding 
spot alone appeared, being accompanied in its passage across the 
disk by occasional outbreaks of small spots scattered over a wide 
area. 

At its birth the group was surrounded by bright compact faculae, 
one scimitar-shaped jet lying S. of the preceding spot being es- 

* These are the times of the ends of the exposures, which were in all three 
cases for ic". 

t The shadow of this satellite seeuis to have been photographed for th9 
first time hy Dr. Common in 1880 with his 3-feet renector. See 'Monthljr 
I!fotices/ VoL xli. p. 205. 

2e2 
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Fig. X. 




Spot B. Spot A. 

peciallj remarkable. At its death the faculsB were still very bright, 
.but were vastly more extensive. 

The area of the group at its birth on Aug. 28 was 77 millionthB 
of the visible hemisphere. As it 'crossed the disk it steadily 
developed, and attained its greatest area of 1834 millionths on 
Sept 7. At its reappearance after one rotation on Sept. 25, the 
the area had diminished to 545 millionths. The diminution con- 
tinued until the extinction of the spot on Oct. 4. 

The group displayed some remarkable proper motions, the two 
members repelling one another, except for a slight approach on 
Sept. 3. At their birth on Aug. 28 the two spots were 3°*6 apart 
in longitude, which was increased to 5°'9 on Aug. 29th ; to io°'4 
on Sept. 2; to ii°'8 on Sept. 4; and to i3°'o on Sept. 7. 
Between Sept, 7th and the 9th, the following spot changed its 
retrograde motion to one of approach, but its companion gave at 
the same time such a leap forward, that on the 9th their distance 
apart reached its maximum of 16^*5. This forward motion of the 
whole group took place just after it had attained its greatest area. 

Considering the motions of the individual spots, that of the pre* 
ceding member of the group was very rapid, as it advanced from 
long. 22 2°*8 to 233°'8 between Aug. 28th and Sept. 9, or 11° in 
12 days. Its most rapid drift of 4^*7 in two days took place 
between Sept. 7 and 9. The drift of the following spot in the 
contrary direction was not at all great; but 3°*! in the 10 days, 
Aug. 28-Sept. 7, and from long. 2i9°*2 to 216°* i. Both the spots 
rose in latitude, the mean drift of the group being from 18°' 5 N. 
to 22°'2, while the individual drifts were from 19° to 2i°'8 and 
from i8'^'o to 2 2°* 5 for the preceding and following spots respec- 
tively. Their common advance in longitude Sept. 7-9 was 
accompanied by a slight fall in latitude, so that their paths were 
almost parallel. The end of the first rotation was marked by the 
metallic prominence of Sept. 10 immediately over the following 
spot, which was then exactly on the limb. 

At the beginning of the second rotation the preceding spot, 
which now alone remained, was found on Sept. 25 in lat. 23° and long4 
228°'3. Excluding possible oscillations, it had therefore, when on 
the invisible hemisphere, drifted i°'8 higher in latitude, but retro- 
graded 5°' 5 in longitude. Until Sept. 28 it remained almost 
stationary, but from the 28th to the 29th it suddenly rose i°'5 in 
latitude and advanced 2^*6 in longitude. Next day it as sudd^y 
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dropped to almost exactly its original position in latitude, and 
retrograded 3°'i in longitude. This seems to have been its ex- 
"piring effort, as on Oct. 4th it was represented by a group of 
minute scattered dots. Therefore while the following and larger 
spot remained comparatively stationary, the preceding spot drifted 
tapidly forward in longitude in the first rotation, and retrograded 
in the second rotation, so that when it died it was but 3°*9 in 
advance of its first position. 

In the spectroscope the most important spot of the group was the 
one marked B in the figure. The following are some of the details of 
the variations in the hydrogen C line over the spots when they were 
on the visible disk. The observations were taken during a vacation 
visit to the Stony hurst Observatory, at the kind invitation of the 
Director. On Aug. 30th, at 1 1 a.m. G.M.T., in a hazy sky, and 
employing a dispersion of 6 prisms of 60°, the line was seen to be 
reversed and displaced towards the violelr in the preceding portion 
of the nucleus of the following spot. There was also a less 
brilliant reversal of the line noted in the ^iculaB which was situa- 
ted between the two spots, while in that which followed the group 
the line was broken though unreversed. 

The next observation was on Sept. 3rd in excellent definition, 
so that the full battery of 12 prisms of 60° and a high magnif ying- 
power were employed. The following of the two spots was seen 
to be broken up into a number of separate nuclei, with penumbral 
and faculous matter filling up the spaces between. As on Aug. 30th, 
so now too, the C line was unaffect.ed by the preceding spot. But 
in its companion some remarkable reversals and displacements of 
the line were observed. By carefully bringing the slit over various 
portions of the spot, it was possible to locate the chief seat of dis- 
turbance as being situated in the northern half of the spot, and in 
the faculous and penumbral gap which intervened between this 
and the southern half. At 11.30 the line was broken in the pe- 
numbral gap, and a small portion was twisted and blown towards 
the violet. It was pear-shaped, with the stem adhering to the dark 
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line. It gave the impression of- fluttering about, as if blown by a 
wind. The estimated displacement was 07 X-metre, and the 
appearance lasted for about three minutes. It was not seen again, 
but subsequently the line became very much widened on both sides. 
At 11.53 ^^^ ^^^ was reversed in that nucleus which was situated 
in the N.'F part of the spot. At 12.15 it bfecame less dark in this 
same nucleus, and in the penumbral gap had a thin hair adhering 
to it and turned towards the red. The motion therefore of the 
dark hydrogen had been reversed from an uprush to a downrush. 
The thin hair-like line formed an angle of about 30° with the 
main line. Lower down this latter was reversed as a bright dot 
probably in a region of faculsB, and below this again was greatly 
thickened in some penumbrse. Hence five different appearances 
of the line were to be seen in the same field. At 12.35 the thin 
line had vanished, a thickening of the main line having taken it« 
place. When the group was sketched next morning at 9.459 it 
was seen that the aspect of the spot had changed in that very 
portion in which the disturbance had been observed in the spec- 
troscope. On Sept. 6th, at 3 p.m., the C line over this same spot 
was less dark but otherwise unaffected. 

On Sept. 28th, at 12 p.m., the C line was reversed in the 
nucleus of the preceding spot, which now alone survived. It is 
noteworthy that as in the case of its companion, so now too, a re- 
,versal of the hydrogen line heralded its speedy dissolution. Nor 
must we omit to call attention to the fact that the independent 
pbservations of the reversals and twistings of the C line on 
Aug. 30th and Sept. 3rd, and the observation of the metallic 
prominence on Sept. 10, agree in placing the seat of greatest 
activity as occurring in the same portion of the following spot of 
,the group. As the scope of the details just described is only to 
supplement the observation of the metallic prominence, all refe- 
rence to the observations of the remaining lines between B— D in 
the spectrum of the group has been omitted, as they will, it is 
Jioped, be more appropriately published elsewhere. 

St. Beuno's College, St. Asaph, . A. L. COBTIB. 

1891, Oct. 17. 



Saturn. 

Seyebal circumstances combine to make this planet an object of 
special interest at the present time. The ring was invisible from 
Sept. 22 to Oct. 30^ but the northern side has just come into view 
and observers now have an opportunity of studying the extremely 
narrow anssB. Are they perfectly smooth, continuous lines of 
light, or broken up by irregularities due to a real inequality of sur- 
face ? "When the ring is but a scarcely perceptible thread of light, 
as at present, it is usually seen under a beaded aspect and forms a 
delicate object in consequence of the very feeble (and perhaps 
irregular) reflective capacity of the outer e(^e. 
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In 1848 Schmidt observed numerous breaks in the ring, then 
presented nearly edgeways. On such occasions one ansa only has 
been sometimes visible, and the curious fact has been noticed by 
others that the ring extends further outwards on one side than on 
the other. The shadow of the ring thrown on the planet's bright 
equatorial zone has shown dark projections which can only be 
attributed to a mountainous character of the surface of the ring. 

Peculiarities of this kind have been frequently remarked and are 
attested by observers of good reputation. But it is difficult to say 
how far the observations represent real features, for the effects of 
atmospheric disturbances upon a very delicate structure such as 
this must occasion false appearances precisely of the nature de- 
scribed. It is exceedingly difficult to discriminate between false 
and veritable details in an object so liable to distortion by the 
slightest tremors of the air. The narrow thread of light is constantly 
undulating and thus asaumes a broken or a serpentine aspect as 
every wave of vapour passes over it. 

When the Earth is nearly in the plane of the ring and there 
is practically no interference from the latter, the period is aptly 
suited for the observation of the planet's belts and spots. The 
belts are then seen crossing the disc in straight lines hke the 
belts of Jupiter*, and their arrangement can be easily depicted. 
Markings if existing in or near the dark equatorial belts may then 
be seen to the best advantage. It was in Dec. 1876, when the 
rings were turned nearly edgeways, that Prof. Hall at Washington 
detected a white spot just N. of the equator of Saturn. The last 
opposition of the planet is also noteworthy, for a considerable' 
number of equatorial spots have been observed by Mr. A. S. 
Williams, of Brighton, with a reflector of 6| inches aperture, powers 
225 and 320 (Haygenian) and 328 (single lens). He succeeded 
in obtaining glimpses of these markings early in May last, and 
practice soon gave his eye increased power, so that at the end of 
June they had become eagy objects though the planet was less 
favourably situated. Some of the spots were followed during an 
interval of two months, and by unwearying efforts Mr. Williams 
managed to secure the estimated times of 80 of their transits across 
the central meridian of Saturn. 

The following figures are reproduced from drawings by Mr. Wil- 
liams. Eig. I (May 7) represents a bright spot (2 a) nearly at 
mid-transit, and it was preceded by a small oval dark spot (2) 
on the N. side of the S. equatorial belt. Pig. 2 shows the same 
markings as they were reobserved on May 13, when another white 
spot was detected nearing the W. limb. Pig. 3 (June 5) includes 
the pair of spots seen on May 7 and 13, and a white spot was now 
observed -just preceding the dark spot. A peculiar broad, dusky 
streak was also noticed in the planet's N. hemisphere ; its major axis 
was apparently placed at right angles to the direction of the belts. 

* This is not perhaps strictly true, but the inclination of Jupiter is so small 
that the curvature of the belts may be disregarded and it is rarely shown in 
drawings. 
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As these results rest on isolated testimony, some doubt may 
possibly be expressed concerning them. It is certain that the 
features alluded to were seen by no one else, though in several eases 
they were particularly looked for. Such markings have resisted the 
powers of the Lick 36-inch refractor, the Washington 26-inch, the 
Chicago 1 8^ -inch, Mr. Green's 18-inch reflector, &c., &c., Is it 
possible to conceive, therefore, that they could be easily seen in a 
6|-inch reflector ? It is evident that by long practice and persever- 
ance Mr. Williams has acquired phenomenal powers of observation, 
or that he has something more than a lively imagination. The times 
of transit which he gives for the individual spots agree in a re- 
markable manner amongst themselves and support the rotation 
period derived by ProfTlIallin 1877. This in itself is corro- 
borative evidence of no light character, and I think it is far easier 
to accept the observations than to explain them away. No doubt 
it is another case where a capable observer has shown the great 
utility of a small telescope in distinguishing markings on a bright 
planet. 

I have derived the rotation periods of 1 1 of the spots discovered 
by Mr. Williams. The number of rotations varied from 77 to 138, 
After correcting the apparent periods for differences in the relative 
longitudes of Saturn and the Earth and for equation of light, I 
found from 10 white equatorial spots a mean period of 

10^ 14°" 26"'6. 
The individual determinations varied between 10^ 14" i9"'5 and 
10^ 14"* 33"'9' i'ora dark spot situated on the equatorial side of 
the southern belt I found 

Prof. Hall's period was 10^ 14"* 23"'8 from his white equatorial 
spot of Dec-Jan. 1876-7, while Sir W. Herschel deduced 10** 16" 
08-4 from certain irregalarities observed in a quintuple belt in 

1793-4. 
In 1880 I made a number of observations of Saturn with a 10- 

inch reflector and remarked that *' the equatorial zone is the 

brightest region of the disk and gives indication of white patches 

in moments of best definition " (* Monthly Notices,' vol. xli. p. 82). 

I have at other periods suspected faint white spots here, but never 

followed them with desirable closeness. I feel confident that the 

markings seen by Mr. Williams will be reobserved during the 

ensuing apparition of Saturn. It is to be hoped that some of the 

large instruments will be employed in recovering and following 

' them. There is no reason to consider these features as recent 

disturbances or that they have now disappeared. Probably they 

are very similar to the spots on Jupiter and are pretty durable 

atmospheric phenomena, though liable to certain variations from 

time to time. 

With the confirmation of recent discoveries we shall enter upon 

what may be regarded as a new era in observations of this beautitul 

planet. Instead of the lack of variety in Satumian detail as obsisrved 
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in fonner years we may find numerons instances of change and 
disturbance in the equatorial region of the planet, reminding us 
forcibly of the more striking phenomena exhibited on Jupiter. 
Observers with modest appliances will also recognize, more than 
ever, that their means are adequate to important work in the field 
of planetary observation. 

BriatoL W. P. Dbnning. 



An Astronomer's Work in a Modem Observatory. 

[Oontinued from p. 341.] 

Wb now come to an important class of astronomical work more 
purely astrophysical, for the illustiration of which I can no longer 
appeal to the Cape, because I regret to say that we are not yet pro- 
vided with the means for its prosecution. I refer to the use of the 
spectroscope in astronomy and especially to the latest developments 
6f its use for the accurate measurement of the velocity of the motions 
fii stars in the line of sight*. 

It is beyond the province of this lecture to enter into history, but 
it is impossible not to refer to the fact that the chief impulse to 
astronomical work in this direction was given by Dr. Huggins, our 
chairman to-night— nay, more, except for the early contributions of 
Eraunhofcir to the subject. Dr. Huggins certainly is the lather of 
sidereal spectroscopy, and that not in one but in every branch of it. 
He has devised the means, pointed the way, and^ whilst in many 
branches of the work he still continues to lead the way, he has of 
necessity left the development of other branches to other hands. 

Prom an astrometer's point of view the most important advance 
that has been made in spectroscopy of recent years is the sudden 
development of precision in the measures of star motion in the line 
of sight. The method remained for fifteen or sixteen years quite 
undeveloped from the condition in which it left the handis of 
Dr. Huggins, and certainly no progress in the accuracy attained by 
Dr. Huggins was made till the matter was taken up by Dr. Yogel a 
' Potsdam. At a single step Dr. Yogel has raised the precision of the 
work from that of observations in the days of Ptolemy to that of the 
days of Bradley — from the days of the old sights and pinnules to 
' the days of telescopes. Therefore I take a Potsdam observation as 
the best type of a modem spectroscopic observation for description, 
especially as I have recently visited Dr. Yogel at Potsdam, and he 
h&a kindly given me a photograph of his spectroscope, as well as of 
some of the work done with it. 

A photograph of the Potsdam spectroscope attached to the equa- 
torial is now on the screen. [Description.] 

* The older methods enabled us to measure motions at. right angles to the 
line of sight, but till the spectroscope came we could not measure motions in 
the line of sight 
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The method of observation consists simply in inserting a small 
photographic plate in the dark slide, directing the telescope to the 
star, and keeping the image of the star continuously on the slit 
during an exposure of about an hour ; and this is what is obtained 
on development of the picture. [Illustration : see Prontispiece.] 

If the star remained perfectly at rest between the jaws of the slit 
the spectrum would be represented by a single thread of light, and 
of course no lines would be visible upon such a thread ; but the 
observer intentionally causes the star-image to travel a little along 
the slit during the time of exposure, and so a spectrum of sensible 
width is obtained. (Fig. t.) 

You will remark how beautifully sharp are the faint lines in this 
spectrum. Those who have tried to observe the spectrum of Sirius 
in the ordinary way know that many of these fine lines cannot be 
seen or measured with certainty. The reason is that on account of 
irregularities in atmospheric refraction, the image of a star in the 
telescope is rarely tranquil, sometimes it shines brightly in the 
centre of the slit, sometimes barely in the slit at all, and the eye 
becomes puzzled and confused. But the photographic eye is not 
in the least disturbed ; when the star-image is in the slit, the plate 
|5oes on recording what it sees, and when the star is not in the. slit 
the plate does nothing, and it is of no consequence whatever how 
Tapidly these alternate appearances and disappearances recur. The 
only difference is that when the air is very steady and the star's 
image, therefore, always in the slit, the exposure takes less time 
than when the star is unsteady. 

That is one reason why the Potsdam results are so accurate. 
And there are many other reasons besides, into which I cannot now 
enter. What, however, it is very important to note is this, that 
we have here a method which is to a great extent independent of 
the atmospheric disturbances which in all other departments of 
astronomical observation have imposed a limit to their precision. 
Accurate astrospectroscopy, therefore, may be pushed to a degree 
of perfection which is limited only by the optical aid at our disposal 
and by the sensibility of our photographic plates. 

And now I think we have sufficiently considered the ordinary 
processes of astronomical observation to illustrate the character of 
the work ot an astronomer at night, the picture should be com- 
rpleted by an account of his work by day. But to go into the matter 
in detail would certainly not be within the limits of this lecture. It 
is better that I should in conclusion touch upon some recent re- 
markable results of these day and night labours. It is these after 
<all that most appeal to you, it is for these that the astronomer 
labours, it is the prospect of them that lightens the long watches 
of the night and gives life to the otherwise dead bones of mechanical 
routine. 

Let us take first some spectroscopic results. To explain their 
meaning let me remind you for a moment of the famihar analogy 
between light and sound. 
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The pitch of a musical note depends on the rapidity of the vlhra- 
•tions communicated to the air. by the reed or string of the musical 
instrument that produces the note, a low note being given by slow 
vibrations and a high one by quick vibrations. 

Just in the same: way red fight depends on relatively slow vibra- 
tions of ether, and blue or violet light on relatively quick vibrations. 
Well, if there is a railway train rapidly approaching one, and the 
engine sounds its whistle, more waves of sound from that whistle 
will reach the ear in a second of time than would reach the ear 
were, the train at rest. Qn the other hand, if the train is travelling 
at the same rate away from the observer, fewer waves of sound will 
reach his ears in a second of time* Therefore an observer beside 
the line should observe a distinct change of pitch in the note of the 
engine-whistle as the train passes him, and as a matter of fact such 
a change of pitch can be and has been observed. 

Just in the same way, if a source of light could be moved rapidly 
enough towards an observer it would become bluer, or if away from 
him it would become more red in colour. Only it would require a 
change of velocity in the moving light of some thousands of miles 
per second in order to render the difference of colour sensible to the 
eye. The experiment is, therefore, not likely to be frequently shown 
at this lecture table I 

But the spectroscope enables such changes of colour to be 
measured with extreme precision. Here on the screen is the most 
^splendid illustration of this that exists at present, viz., copies of 
three negatives of the spectrum of a AurigSB, taken at Potsdam in 
October and December of 1888 and in March 1889. (Fig. 2.) 

The white line (the picture being a positive) represents the bright 
line Hy given by the artificial Hght of hydrogen, the strong black 
line in the picture of the star spectrum corresponds to the black 
absorption line which is due to hydrogen in the atmosphere of the 
star. 

Why is it that the artificial hydrogen line does not correspond 
with the stellar line in these three pictures ? The answer is, either 
the star is moving towards or from the Earth in the line of sight, 
or the Earth is moving from or towards the star. But in December 
the Earth in its motion round the Sun is moving at right angles to 
the direction of a AurigsB ; why, then, does not the stellar hydrogen 
hne agree in position with the terrestrial hydrogen line? the 
simple explanation is that a Aurigee is moving with respect to the 
Sun. 

In what way is it moving ? Well, that also is clear— the stellar 
line is displaced towards the red end of the spectrum, that is to 
say the star-light is redder than it should be in consequence of a 
motion of recession ; this proves that the star is moving away from 
us, and measures of the photograph show the rate of this motion 
'to be 15 J miles per second. We also know that in October the 
Earth in its motion round the Sun is moving towards a Aurig» 
nearly at the same rate as we have just seen that a AurigsB is run- 
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ning away from the Sun. Consequently, at that time, their relative 
motions are nearly insensible, because both are going at the same 
rate in the same direction, and we find accordingly, in October, that 
the positions of the stellar and artificial hydrogen lines perfectly 
correspond. Finally, in March, the Earth in its motion round the 
Sun is moving away £rom a AurigsB, and as a AurigsB is also running 
away from the Sun the star-light becomes so much redder than 
normal that the stellar hydrogen line is shifted completely to one 
fiide of the hydrogen and artificial line. 

The accuracy of these results may be proved as follows : — 

If we measure all the photographs of a AurigsB which Dr. Vogel 
has obtained we can derive from each a determination of the rela- 
tive velocity of the motion of the star with respect to our Earth. 

Of course these velocities are made up of the velocity of motion 
of a Aurigae with respect to the Sun (which we may reasonably 
assume to be a uniform velocity) and the velocity of the Earth due 
to its motion round the Sun. But the velocity of the* Earth's motion 
in its orbit is known with an accuracy of about one five-hundredth 
part of its amount, and therefore within that accuracy we can 
allow precisely for its effect on the relative velocity of the Earth 
and a AurigsB. When we have done so we get the following I'esults 
for the velocity of the motion of a Aurigae with respect to the Sun. 
You see by the following table (p. 374) how beautifully they agree 
in the Potsdam results, and how comparatively rough and unre- 
liable are the results obtained by the older method at Greenwich. 

I believe that in a few years, at least in a period of time that 
one may hope to see, we shall not be content merely to correct our 
result for the motion of the Earth in its orbit only, and so test our 
observations of motion in the line of sight, but that we shall have, 
arrived at a certainty and precision of working which will p^rmt^ 
the 'process to he reversed, and that we shall be employing the spec- 
troscope to determine the velocity of the Earth's motion in its orbit, 
or, in other words, to determine the fundamental unit of astronomy, : 
the distance of the Sun from the Earth. 

I will take as another example one recent remarkable spectro- 
iscopic discovery. 

Miss Maury, in examiniug a number of photographs of stellar 
spectra taken at Harvard College, discovered that in the spectrum 
of )3 AurigsB certain lines doubled themselves every two days, be- 
coming single in the intermediate days. Accurate Potsdam obser- 
vations confirmed the conclusion. 

The picture on the screen (Fig. 3) shows the spectrum of 
/> Auriga? photographed on November 22 and 25 of last year. In 
the first the lines are single, in the Other every line is doubled; 
Measures and discussion of a number of these photographs have 
shown that the doubling of the lines is perfectly accounted for by 
the supposition of two suns revolving round each other in a 
period of four days, each moving at a velocity about 70 miles a 
second in its orbit. 
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"When one star is approaching us and the other receding, the 
lines in the spectrum formed by the light of the first star will be 
moved towards the blue end of the spectrum, those in the spectrum 
of the second star towards the red end of the spectrum. Then, as 
the two stars come into the same line with us, their motions be- 
come at right angles to the line of sight, and their two spectra, not 
being affected by motion, will perfectly coincide ; but then, after 
the stars cross, their spectra again separate in the opposite direction, 
and so they go on. 
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Thus by means of their spectra we are in a position to watch and 
to measure the relative motions of two objects that we can never 
see apart; nay more, we can determine not only their period of 
revolution but also the velocity of their motions in their orbits^ 
!Now, if we know the time that a body takes to complete its revo- 
lution, and the velocity at which it moves, clearly we know the 
dimensions of its orbit, and if we know the dimensions of an orbit 
we know what attractive force is necessary to compel the body to 
keep in that orbit, and thus we are able to weigh these bodies. 
The components of /3 AurigaB are two suns, which revolve about 
each other in four days ; they are only between 7 and 8 millions of 
miles (or one-twelfth of our distance from the Sun) apart, and if 
they are of equal weight they each weigh rather over double the 
weight of our Sun. 

I have little doubt that these facts do not represent a permanent 
condition, but simply a stage of evolution in the life-history of the 
system, an earlier stage of which may have been a nebular one. 

Other similar double stars have been discovered both at Potsdam 
and at Cambridge, U.S., stars that we shall never see separately 
with the eye aided by the most powerful telescope ; but time does 
not permit me to enter into any account of them. 

David Gtill. 

[To be continued.] 



The Solar Disturbances of June 17, 189 1. 

With reference to Mr. H. H. Turner's very interesting paper, 
published in the last number of the ' Observatory/ p. 326, 1 will 
state that the bright spot observed June 17th already existed 
when I first noticed it at 10*^ 16™ a.m. Paris mean time. Very 
shortly after this time, the facula-like object seen close to the limb 
very rapidly lighted up, beginning at the extremity nearest to the 
other bright spot first observed, thus showing that the propagation 
of activity was northward from that spot. 

When the Sun's image was projected on the screen for the 
secoud time, nothing which could be seen remained on that parti- 
cular part of the Sun where the phenomena had been observed, 
not even the facula-like object seen before. 

In the hurry of the observation this facula, which very likely 
had resumed its ordinary brightness, might perhaps have escaped 
my notice. But this is rather doubtful since my son, who was 
present and observed the phenomenon on the screen with me, also 
failed to detect any trace of faculse or any other things. 

I will call the editor's attention to a slight mistake on p. 328, 
where the word *' Sept.," under the engraving, should be replaced 
by " June." E. L. Tbouvelot. 

Meudon Observatory, 
1891, Oct. 12. 
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Double Stars for November. 

Thb following interesting double stars are well placed for obser- 
vation in November. Tbej may all be observed with a telescope 
of moderate aperture. The positions are for 1890*0. 

S 3062. E.A. o^ o" 8o% Dec. + 57*^ 49' ; Mag. 6-9, 8. 

A binary star. Period about 112 years (Schur). One revolution 
has now been nearly completed. Some recent measures are : — 

1887*10 310^*73 i"*so Tarrant. 

1889*57 321 •! I '45 Bumham. 

^ CassiopeisB. E.A. o^ 42" 27% Dec. +57° 14' ; Ma^. 4, 7*6. 
A well-known binary star. Period about 195 years ^Qruber). 
1886-974 i78°-64 4"-7i Tarrant. 

36 AndromedsB (S 73). E.A. o^ 49"* 5% Dec. +23^ 2' ; 

Mag. 6*2, 6*9. 

Binary. Period 137*5 years (Lewis). Some recent measures 
are:— 

1888*05 7°*7 i"*i8 Schiaparelli. 

1888*51 6 *i I •21 Leavenworth. 

1891*08 9 *2 I '35 Maw. 

a Piscium. E.A. i*" 56", Dec. +2° 12'; Mag. 3*7, 4*7. 
In slow motion. 

1 886*95 321^*87 3"*o3 Tarrant. 

Double. Hastings. E.A. 2^ 11", S. 18° 44'; Mag. 8*3, 8*9. 

La rapid motion. The measures are : — 

1879*92 3ii°*8 2"*22 HaU. 

i888*66 339 -6 2 '18 Leavenworth. 

Measures of this star are very desirable. It seems to be Lalande 
4219 (8^ mag). 

84 Ceti (S 295). E.A. 2^ z^"^, S. 1° 10' ; Mag. 6, 10. 
' In slow motion. 

i888-o6 322 *2 4"*5o Tarrant. 

1888-68 323 *o 4 *27 Leavenworth, 

fi Draconis (S 2130). E.A. 17*^ z'^'z^ Dec. +54° 37'; Mag. 5, 5. 

A slow-moving binary. Period 648 years, according to 
Berberich. Plane of orbit at right angles to line of sight. 

i886'73 i6i°-9 2"*5i Engelmann. 

i886*94 160 *o 2 *35 Tarrant. 

J. E. QOBE. 
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Selenographical Notes. 

Bode, Pallas, and Mtjechison. — There are few 'lunar land- 
scapes that present a more striking and beautiful picture than 
that which includes this group and the neighbouring mountainous 
region, if it be observed a few hours after sunrise with a 
moderately high power. Neison justly remarks that there is 
much in it to remind us of terrestrial formations. Certainly, the 
branching hill-ranges, with their associated valleys and other 
features, are of a type more frequently met with on the Earth 
than on the Moon's surface, a circumstance which is also in a 
great measure true as regards the character of the country which 
forms the gentle south-western slope of the neighbouring Apen- 
nines and of the intervening plain. The very brilliant boundaries 
of the three formations contrast strongly with the sombre hue of 
the hill and the valley region on the north-west under oblique 
iQumination, as do also the many little white isolated heights 
which lie scattered on the grey surface on the south of Murchison. 
Like other objects situated amid the rugged details of lunar 
mountain-districts, the group with its adjuncts is very difficult 
to portray, owing to its complexity. The representation of it in 
Schmidt's map is on a sufficiently large scale to allow the in- 
sertion of details which cannot be distinctly shown in those of 
Madler and Neison, and, although not wholly satisfactory, it 
is generally truthful, especially as regards the mountain-land by 
which the group is environed. 

Pallas is encircled by an all but continuous rocky border, while 
Murchison, its neighbour on the west, is to a great extent open to 
the plain on the south, the bright ring-plain, Murchison A, marking 
the eastern termination of the long stretch of curved wall which 
forms its boundary on the north and west. The structure of this 
barrier is noteworthy. About one half of it, the portion adjoining 
Pallas, is not only far less brilliant than the remainder, but dis- 
plays a number of long, narrow, parallel spurs or buttresses 
running out from it at right angles towards the central region of 
the floor. These are well seen during the progress of sunrise, 
standing out as faint grey bands amid the black shadow of the 
lofty border, which, according to Neison, rises some 3000 feet 
above the interior. The rest of the wall, up to Murchison A, is 
both wider and far more brilliant, and exhibits two curious longi- 
tudinal depressions abutting on the north side of A, resembUng 
the three prongs of a fork. This portion of the border is less 
lofty than the other and rises directly from the plain, while the 
more easterly and darker section appears to be little more than 
a steep clifE termination to the mountain region which bounds it 
on the north. The opposite, or southern, side of Murchison con- 
sists of a narrow longitudinal strip of bright wall terminating on 
the west in two other si^rips of about equal length and brightness, 
spreading out like the sticks of a fan. The first, the massive 
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mountain-arm a (Neison, Map X.), and the broad complex western 
wall of Pallas form ti cross, netlr the cenla^ of which, on the 
northern end of a, stands a very deep and brilliant crater. The 
floo : of Murchison exhibits no detaU beyond three or four low 
ridges. 

Perhaps the most noticeable structural feature remarked by the 
observer who examines Pallas and Murchison under a rising sun 
is the bright wall which strikes across tl\e two formations from 
north to south, forming the division between them and extending 
some distance beyond their limits on either side. The mountain- 
arm a is the southern prolongation of this partition, and on the 
north a similar rocky mass (j3) traverses the dusky mountain-land 
for many miles. That portion of the wall which constitutes the 
boundary common to the two ring-plains exhibits two or three 
narrow gaps and is only very slightly curved, the concavity facing 
the interior of Pallas. Hence this formation approximates in shape 
to the letter D* ^^^ straight part of the letter representing tb^t 
jsection of the transverse wall which forms the partition. 

The north-east border of Pallas is broad and, except under a 
*high light, very brilliant. At 9^ 30™ on April 16, this year, a 
well-marked viUley or terrace was noted running round the inner 
slope of it. At this time Bode and the smaller crater south of it 
on the wall were only partially illuminated. Two other much 
shallower depressions were seen north-west of the last, standing 
side by side, oti the border. Schmidt shows a larse number of 
mounds and a long low ridge on the north-western side of the floor. 
With the exception of the latter, which was very evident, I was 
unable to verify the existence of these details, the only prominent 
objects being a large bright circular mountain, a Uttle south of 
the centre (the shadow of which at 10*^ extended up to the foot of 
the eastern wall), and a much smaller bright hill adjoining it on the 
south. At times a crater was suspected on the central mountain. 
Schmidt shows a central mountain in Bode, and Webb noticed a 
curved ridge traversing it from north to south. The former is not a 
difficult object, but the existence of the ridge has not been verified. 

Neither Pallas nor Murchison are easily traceable under a high 
sun, though Bode, Pallas A, Murchison A, and, in a less degree, 
the little crater at the centre of the cross referred to above, 
standing out as very brilliant rings, serve to mark their position. 
The notable difference in brilliancy at full Moon between objects 
which under lower angles of illumination are, roughly speaking, 
of equal brightness, is a subject which has not received the at- 
tention it deserves. Is it not due to variations both in colour 
and mineral character of the rocks of which they are composed ? 

Beaumont House, Shakespeare Boad, Thos. Gwyn EIiGEB. 

Bedford, 1891, Oct. 19. 
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CORRESPONDENCE. 

To the Editors of * The Observatory.* 

Real Path of a fine Meteor. 

Gentlemen, — 

On September 30 at 10^ 2", while observing Temple-Swift's 
periodical comefc, I saw a meteor of about ist mag. moving slowly 
downwards between f Draconis and y Ursae Minoris. As it fell it 
rapidly increased in brilliancy, and just prior to its disappearance 
it must have been twice as bright as Venus. It quite lit up the 
northern sky for a moment. The nucleus was of a bluish-whiie 
colour, but the streak it left was not nearly so dense and durable 
as one would expect from so bright an object ; it merely consisted 
of a line of thin white vapour that died away in 2 seconds. The 
ooserved path of the meteor was from 263° +73° to 217 J° +54°, 
length 26°, but there is no doubt I missed the early part of the 
flight. Its duration was estimated as 3I seconds. 

A communication from Mr. D. Booth, of Leeds, received a few 
days later, informed me that he had seen a large meteor, brighter 
than Jupiter, on September 30, at 10^ 3™, passing from east to west 
amongst the stars of Capricornus. The exact places of beginning 
and ending where 320° — 15° and 300° —20°, length 20°, and the 
pai^h if prolonged backwards would pass 2° above the planet 
Jupiter, then near the meridian. The meteor moved slowly, dura- 
tion 3 seconds, and it left a thin train or streak. 

Comparing the two observations I find the real path of the body 
was from a height of 54 miles over Lydney in Monmouthshire to 
24 miles over Builth in Breconshire. The earth-point was near 
Aberystwith, and the entire length of path, as observed at Leeds, 
56 miles. The velocity, from a mean of the two observations, was 
13 miles per second. 

As to the radiant-point, that is well indicated at 14° -1-7° near 
€ Piscium, situated in azimuth 314° "W. from S., altitude 35° at the 
time of the observation. The meteor probably belonged to the 
following (possibly) associated showers : — 

Date. Badiant. Notes. Bef. No. 

1885 Sept. 13-17.. 13° + 6° V. accurate ; swift meteors. D. 530 

1886 Sept. 22-30.. 14 +12 Not exact ; slow.v. brilliant D. 597 

trained meteors. Max. 
Sep;;. 27. 

1887 Oct. II .... 13 -f- 6 Accurate; slow, v. bright D. 643 

trained meteors. 

The figures in the last column refer to my catalogue of Radiant- 
points in the ' Monthly Notices ' for May 1890. This shower near 
€ Piscium appears to have developed exceptional activity in recent 
years and to supply a large proportion of fireballs. 

Mr. Booth estimated the meteor as brighter than Jupiter, while 
I describe it as twice as bright as Yenus. The cause of the differ- 
ence is easily explained. At the middle o£ its flight the meteor, 
though not more than 42 miles distant from Bristol, was 173 miles 

2f2 
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distant from Leeds, and as the amount of light received from an 
object is diminished as the square of the distance is increased, it is 
apparent that to a Bristol observer it would appear fully i6 times 
as bright as to an observer at Leeds. Moreover, I saw the object 
from a dark neighbourhood and in a dark sky, whereas Mr. Booth's 
station was much illuminated with gas, and thus the effects of 
contrast were lost. As seen from Bristol, the meteor was of small 
angular diameter and star-like in appearance, but intensely brilliant 
just before it terminated its career near d Bootis. 

Yours faithfully, 
Bristol, 1 891, Oct. 8. W. F. DENinNG. 

P.S. — ^Another very fine meteor was observed at several stations 
on Sunday, Oct. 11, 6^ 30". Mr. Arthur Mee, at Ammanford, 
Caermarthenshire saw the meteor, though the sky was overcast 
with clouds. He says that it appeared in " the south, about two 
thirds of the way from the horizon to the zenith, and moved quickly 
over perhaps a dozen degrees from east to west." During its 
flight " behind the curdled cloud-masses it flashed several times, 
just like lightning, only fainter." Mr. E. M. Richards of Ennis- 
corthy, L^land, describes the meteor as much larger and brighter 
than Jupiter and of a bluish-white colour. It pursued a nearly 
horizontal path of about 40°, and its first apparition was noted in 
azimuth 275° "W. from S., altitude 20°. It disappeared in a shower 
of s,parks at an altitude of 1 5° after a duration of 4 seconds. Other 
correspondents describe the meteor as remarkably brilliant, lighting 
up the sky like a flash of lightning. It is hoped that further data 
will be forthcoming, so that its real course may be determined. 

W. F. D. 



PUBLICATIONS. 

On the Adjustment ajstd Testing of Telescopic Objectives. 
T. Cooke & Sons, York. — Messrs. T. Cooke & Sons have issued 
a small book on the Adjustment and Testing of Telescopic 
Objectives, which will be welcome to all who use achromatic 
telescopes, and more especially to those who are far from 
Europe or for other reasons are unable to avail themselves of the 
knowledge and skill of professional opticians. There is no one 
probably who has found himself thrown on his own resources 
to deal with a telescope, who has not felt how unsatisfactory the 
book information available as to the subjects here treated was : 
many have tolerated defects of vision which might have been 
remedied lest they should do more harm than good ; some have 
condemned good tools ; and, a more serious matter, some have 
mistaken the results of defective vision in the combination of eye 
and telescope for discoveries and wasted their own time if not that 
of others. To all such, Messrs. Cooke's book will be most useful. 
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unless they are of the class of Mr. Troughton's " handy gentlemen," 
who may be tempted to tamper with their instruments instead of 
letting well alone. To these, too, Messrs. Cooke's little book will 
offer every facility, and the result will probably be good for trade 
and possibly for Astronomy. 

This little book points out what is not generally made so dear, 
that vision with an Astronomical Telescope is the result of three 
separate parts — the object-glass, the eyepiece, and the eye, all of 
which are liable to defects ; and of these the last, which is usually 
least suspected, is perhaps the most liable to be imperfect. This 
is not new, but it can never be too much insisted on. Inasmuch 
as we have no knowledge of what good vision is save by our own 
experience, we are prone to jump to the conclusion that there is 
no better sight than our own, and to ascribe to objects we ard 
looking at, or the telescope through which we look, appearances 
which are in fact due to our own imperfect eyes. Somewhere 
about a quarter of a century ago the writer of this article, after 
describing his own experience, suggested that it might be " neces- 
sary to make every observer of delicate phenomena prove that he 
could see ; " and recent discussions show that the advice may be 
repeated with advantage *. 

The most common error that the observer is called on to deal 
with is that of " squaring on," as Mr. Cooke calls it, that is, making 
the optical axis of the objective coincide with that of the eye- 
pieces. The instructions are clear and good, but it is to be hoped 
that the form of antagonizing (agonizing I used to hear them called 
once) screws is not Messrs. Cooke's ideal. It is wonderful that 
some ingenious person has not devised a better arrangement for 
holding the countercell to the tube, while retaining a power of 
adjustment, than antagonizing screws; but surely the plan of 
tapping the holding-down screw through the thrusting-screw is 
better and firmer than that shown in the figures on p. 7. 

Under the head of Achromatism, Messrs. Cooke point out the 
sense in which the Huyghenian eyepiece is achromatic and the 
effects of want of achromatism in the eye. They point out that 
the Ramsden eyepiece as well as the Huyghenian produces but 
very slight colouring effects ; but it might have been as well to 
say that even in the sense in which the Huyghenian eyepiece is 
achromatic the Eamsden is not so. Nothing is said of the 

* On p. 21 Messrs. Oooke say that in many indiyiduals astigmatism is found 
to be variable in amount, an eye almost free from the defect one day being 
seriously affected another. This is hardly that malformation of the lenses of 
the eye usually called " Astigmatism.** It is understood to arise from spasm of 
the ciliary muscles; an'd it is very doubtful whether the remedy suggested 
would make the observations with such an eye trustworthy. The writer's own 
experience tells him that under certain circumstances, such as fatigue, there is 
to him, as probably to every one, temporary diflSculty in seeing clearly, and 
that there seems to be an occasional shifting necessary of the axis of the 
cylindrical surface of the lenses be uses, but nothing which resembles Messrs. 
Cooke*s description. 
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acbromatic eyepieces of several makers ; doubtless because when a 
telescope is overcorrected for colour for use with the usual eye- 
pieces there is no gain from tbeir use ; but in issuing a reprint of 
this little book, which will probably soon be called for, it might 
be worth giving some information as to the forms and properties 
of the different eyepieces which have been proposed. Observers 
generally add to the battery of eyepieces supplied by the optician, 
and the recommendations of authorities are so liable to be extended 
to cases which they did not contemplate, and thus cause dis- 
appointment, so that some information as to these forms would be 
useful. 

The authors are evidently partial to the Achromatic Telescopes 
for which the firm has been so long celebrated, and hardly do the 
Eeflector justice. It may be quite true that with ordinary eye- 
pieces the Reflector is not perfectly achromatic, but those do not 
give it fair play. Achromatic eyepieces have always, it is believed, 
improved the performance, and there seems to be no reason why 
they should not be generally used. So, too, the Eeflector requires 
exceptionally fine conditions to bring out its powers ; but, when 
those are present, people familiar with both kinds of telescope do 
not consider tbem inTerior. The Achromatic will always be pre- 
ferable, for general use and indispensable for some purposes. The 
choice is not only a question of price of the objective ; the object- 
glass of an achromatic telescope is generally but a fraction of the 
cost of a complete equatorial, and the users of reflectors are usually 
content with fewer conveniences and less showy workmanship, by 
which much is saved without loss of quality in the work. 

Again, Messrs. Cooke do not do justice to the knife-edge test. 
It was one of the tests proposed and used for specula by Foucault ; 
and these have given the best results, not only in his hands, but in 
those of the MM. Henry of Paris, who, it is believed, use them in 
precisely Foucault's way for their reflectors. Now MM. Henry, who 
have made many fine objectives, including those for the Coude 
Equatorials and the Photographic Telescope, cannot be dismissed 
as amateurs who make their own telescopes. M. Foucault asserted 
that with his tests he could construct mirrors so true in figure 
that they passed the limits of useful accuracy ; the convergence 
of the rays being such, that from the nature of light, it was im- 
possible to detect further errors. 

But with all this the little book w^ill be found full ol information 
as to things which should be, though they are not, generally 
known by observers ; and Messrs. Cooke will have the cordial 
thanks of astronomers, whether professional or amateur. 

J. E. T. 



Photogbaphs of the Milky Way aih) Nfbbcul^. — Mr.RusseU 
is responsible for a charming new departure in Observatory publi- 
cations, in the shape of ia, photographic album. Sixteen prints 



Nov. 1891.] Publications. 383 

of plates taken with one of Dallmeyer's largest portrait-lenses 
(6 inches aperture and 32 inches focal length) have been carefully 
mounted on the pasteboard leaves of an album, a few lines of 
description being added in each case. The photographs were taken 
in order to make some use of the equatorial mounting for the 
Phot<^aphic Telescope which was received some time before the 
object-glass. *' They are believed to be the first of their kind of 
the southern skies, and they present well-known star-spaces under 
new conditions, so much so, that in several important respects we 
must modify the views which had been the out'Come of the study 
of these star-spaces with ordinary telescopes." The plates were 
taken on fine nights (a haze only just visible made it necessary to 
give double the time of exposure) with an exposure oE about 
3 hours. We may perhaps quote a few of the remarks made on 
the photographs, as indicating the sort of conclusions which 
Mr. Eussell has drawn from them. For the justice of these con- 
clusions we must refer our readers to the album itself. 

Photo No. 2. "It is as if lines of stars and dark spaces — not 
straight, but slightly curved — converged from the following side 
to a point i J inches below the central star." 

No. 3. "The Great Coal -sack is almost as full^of stars as the 
parts around it." 

No. 6. " The great rift (so-called) in the Milky Way, which 
comes up to, if it does not include, a Oentauri when viewed with 
the telescope, is not found in this photograph." 

No. 8. " The almost uniform distribution of stars over this area 
is somewhat at variance with the best drawings of the Milky 
Way." 

No. 10. " In the brightest parts the stars seem to be almost in 

contact, so close together do they stand It will be observed 

that there ai-e here several long narrow lanes or dark spaces in 
the Milky Way, and they occur so frequently in other pictures of 
the Milky Way that they may be taken to be a feature of it ; but 
I cannot see that they are curved or straight in any systematic 
manner ; they are rather meandering and irregular." 

Nos. 12, 13, & 14. The Nubecula Major is found to be distinctly 
spiral in character. 

The last photograph in the volume is of the Orion Nebula with 
the 13-inch object-glass, and gives considerable detail in the fainter 
portions. The brighter parts are of course over-exposed in the 
3 hours given to the plate. 

Philips' Patent Obebrt is a card planisphere with the objects 
marked strictly limited to the ecliptic, and provided with two 
radial brass scales for reading-off N.P.D.'s. For rough determina- 
tions of rising and setting the instrument should be very handy. 
We hardly think the buttons which slide along the scales are well 
devised. All slides should be relatively long in the direction of 
sliding, and these buttons are circular in section. 
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NOTES. 

Pbbsonal Equation. — M. Stroobant made some interesting 
experiments at the beginning of this year, with M. "Wolfs personal 
equation machine, at the Paris Observatory. He found : — 

(i) A difEerence of +o"'o7 in chronographic and +o"*o4 in eye 
and ear transits, between his personalities for opposite directions 
of apparent motion. 

' (2) That the influence of the degree of illumination of the field 
was insensible. (No mention is made of the number of observa- 
tions on this point, and the results do not appear to be quite 
conclusive.) 

(3) A sensibly constant personal equation of — o"*i4 for the 
first limb, and -fo''03 for the second limb, of disks representing 
planets of all sizes from the Moon to Uranus. [There is also 
another curious difference between the limbs on which M. Stroo- 
baut has not remarked, viz. that there is a difference of o**o6 
between direct and inverse motion for the first limb, but no such 
difference for the second.] 

(4) That his personal equation decreases algebraically (registra- 
tion is made earlier and earlier) during a long series of observa- 
tions, at the rate of about o**oi per hour. 

(5) " When making chronographic observations, it has often 
happened to me to note that the registration of a transit at a par- 
ticular wire was too soon or too late. These remarks amount'Od in 
all to 82. I thought of examining how far these estimations were 
correct. For this purpose I compared the value of P.E. for the 
wire in question with its mean value for the five wires. I thus 
found that there were 69 right estimations and 13 wrong. I had 
also roughly indicated in such notes the amount of the error. On 
analyzing the results I find the following mean differences : — 

"Noted 'Much too soon (or late)' +o''*o58 9 obs. 

„ ' Too soon (or late) ' +0*041 47 „ 



„ ' A little too soon (or late) ' +0 '017 26 



>j 



(the sign + indicating that the difference was in the direction of 
the remark)." 

(6) M. Stroobant finds a well-jnarked " decimal equation," both 
in eye and ear observations and in reading-off chronographic obser- 
vations by estimating the tenths. The figure o occurs oftenest 
and 9 most seldom, the ratio for these two digits being about 3 to 
I in both cases. 



Prof. Bigelow's Theory of the Solar Corona. — We were 
somewhat unjust to Prof. Bigelow in mentioning Prof. Niplier's 
criticism of his Theory (No. 179, p. 316) without adding that the 
criticism has been fully replied to. A short paper in the ' American 
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Journal of Science' for June 189 1 is sufficient to dispose of Prof. 
Cipher's objections. The main point is that the Theory is a 
purely geometrical one, and does not claim to rest on any physical 
basis at present. Prof. Bigelow believes that the coronal streamers 
follow definite curves, for which he gives the equations, but has 
not ventured to attribute the phenomena to even a proximate 
cause. " We have avoided speaking of the apparent coronal 
structure as a phenomenon of electricity, in deference to the doubt 
that free electricity can exist at such high temperatures on the 
Sun's surface, but have shown that some force is present acting 
upon the corona according to the laws of electric potential." 



A Catalogue of KuTHEEriiBD's Photogeaphio Plates of the 
Sun, the Mooif, and the Staes. — Our readers will doubtless be 
interested by the following extract from the * Annals of the New 
York Academy of Sciences,' vol. vi. : — 

" On November 13th, 1890, Lewis M. Eutherfurd, LL.D., of 
New York City, presented to the Columbia College Observatory all 
his photographic negatives taken between the years 1858 and 
1878. Many of the plates had been measured, and these measures 
were included in the gift. The measures fill some thirty quarto 
volumes. Several years ago (1884) Mr Eutherfurd gave to the 
Observatory his 13-inch equatorial with its photographic corrector, 
with which the photographs, taken since 1868, were made ; and at 
the same time he donated to the Observatory his measuring engine 
suppHed with a glass scale. This improved measuring apparatus 
was used in January, 1872, and subsequently. 

'* The star cluster negatives received an exposure of either three 
or six minutes. Each negative bears the date, time of exposure, 
a record of the barometer and thermometer readings, and other 
data necessary for the reductions. 

" The Observatory of Columbia College hopes to issue soon the 
reductions of many of the measures." 

Then follows a catalogue of these negatives drawn up by Messrs. 
J. K. Eees and H. Jacoby. There are 359 solar, 436 lunar, 701 
stellar, and 37 miscellaneous photographs. 



The Total Ltjnae Eclipse of 1891, Novbmbee 15. — 
Shortly before the total eclipse of the Moon of Oct. 4, 1884, 
the suggestion was made by Dr. DoUen, of Pulkowa (now of 
Dorpat), that a determination of the Moon's diameter unaffected 
by irradiation might be obtained by observing both the disappear- 
ance and reappearance of as many small stars as possible during 
totality, and with this object he prepared a list of stars near the 
Moon's place, and computed the times of occultation for various 
observatories. The next total eclipse visible in Europe was on 
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Jan. 28, 1888, and on tbat occasion Dr. Dollen again prepared 
and circulated lists. A considerable number of oceultations were 
observed at tbese two eclipses, but as tbe weather was unfavouT' 
able at many stations, it is desired t^o renew tbe observations at 
the forthcoming total eclipse of Nov. 15 in the present year. 
"With this end in view, MM. Scheiner and Blumbach, of Potsdam, 
have taken four photographs of the region where the eclipsed 
Moon will be. These plates have been measured by M. Eenz, of 
Pulkowa, who published in No. 3061 of the ' Astronomische 
Nachricbten ' a list of the places of 240 stars down to the eleventh 
magnitude which will be occulted at some part of the Earth during; 
the eclipse. Of these, Dr. Dollen has selected 138, which will be 
occulted at some known observatory. He has computed the 
times and position-angles of disappearances and reappearances for 
a great number of observatories, the following being the list of 
those in the British Isles that have received them : — 

Name of Observatory. Longitude. Latitude. 

h 

Armagh o 

Birkdale o 

Birr Castle o 

Cambridge o 

Dublin o 

Coleby Field (Wimbledon) . . o 

Durham o 

Edinburgh o 

Fernhill o 

Glasgow o 

Greenwich^ o 

Halifax o 

Harrow o 

Liverpool o 

Markree o 

Oxford (Eadcliffe) o 

Stonyhurst o 

Tulse Hill o 

Anyone else who may desire to assist should apply for details 
of the oceultations at their station to the nearest observatory on the 
list. 

The region of totality is unfortunately somewhat barren of 
stars : thus, in the 1884 eclipse the list for Greenwich contained 
36 phenomena, of which 16 were observed; in 18S8 the list con- 
tained about 30, of which 15 were observed. The present list for 
Greenwich only contains 18 phenomena, but some additional ones 
which take place some time before totality may possibly be observed. 

A. C. D. C. 
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The Theobt op Jupiteb and Sattjun. — Prof. G. W. Hill con- 
tributes an article to the ' Astronomical Journal ' (No. 247), of 
which the following is the substance : — 

" The discussion of the observations of Jupiter and Saturn, now 
in progress in the office of the * American Ephemeris and Nautical 
Almanac/ has reached such a^ stage that we can exhibit the results 
in reference to the correction of the mean longitude of J upiter as 
it is given in my new theory of Jupiter and Saturn (' Astronomical 
Papers of the American Ephemeris,' vol. iv. p. 588). Dividing 
the material into eleven groups, roughly corresponding to as many 
revolutions of the planet, values of SL were obtained, which were 
shown in the following table : — 



Interval. 


Mean Year. 


^L. 


Weight. 


1750-1765 


1758 


— o"-5o + o-i37/i 


4*2 


1766-1777 


T772 


— •71—0*037 fi 


1*4 


1778-1789 


1783 


— '52 — o'o63 /i 


0*9 


1790-1801 


1796 


— I •28— o'lii fx 


• 2*8 


1802-1813 


1808 


-I 'SS + o'iSS f« 


5*5 


1814-1825 


1820 


— I •30+0*040 11 


6*1 


1826-1837 


1832 


+ •01—0-097 IX 


11*7 


1838-1849 


1844 


— '04- 0*098 /H 


i6*7 


1850-1861 


1856 


+ •02 — 0*068 IX 


16*6 


1862-1873 


1868 


+ •28 + 0-179 /I 


16-5 


1874-1887 


1881 


+ *i6+o*i39 IX 


19*0 



" In the values of 3L the modifications caused by a change in the 
mass of Saturn are shown by the terms involving ^, an indeter- 
minate so chosen that /x=i" corresponds to an augmentation of 

Bessel's mass -—^ by a thousandth part. The column of weights 

is added, that some idea of the degree of precision of the several 
values of ZL may be obtained. 

" These values can be very well represented by a linear function 
of the time, vdth the exception of the three belonging to the 
interval 1 790-1 825, which have abnormally large negative values. 
And the latter cannot be brought into harmony with the riest by 
assigning to /i any possible value; in fact, the solution of the 
equations gives for fx an insignificant quantity. 

" The disagreement might be attributed to personal equations in 
the observers ; but this seems not likely, as the three values of 
1796, 1808, and 1820 are closely coincident, and yet are founded 
on material coming, in the first from Greenwich and Palermo, in 
the second from Greenwich, Palermo, and Paris, and in the third 
from Greenwich, Paris, and Konigberg. 

" Again we may suppose that there is some inequahty of long 
period in the mean longitude of Jupiter not taken into considera- 
tion in the theory. If this arises from the mutual action of 
Jupiter and Saturn, the observations of the latter should more 
clearly exhibit the effects of this perturbation. However, there 
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does not seem to be any indication of an inequality in Saturn two 
and a half times as great as that which would seem to hare place 
in Jupiter. 

" In order that nothing might be wanting to the clearing up of 
this difRculty, I determined to compute the terms in the great 
inequalities which depend on three times the principal argument, 
that is to say, on the argument i^g'^Sg, These terms have 
hitherto been neglected, and from induction one would suppose 
their coefficients were at the limit of smallness, permitting their 
being passed over, at least if regard is had only to the represen- 
tation of the observations. The period of these terms is about 
310 years, and their coefficients are seemingly in the neighbourhood 
of o"-i/' 

Prof. Hill then works out the terms in question, finding ulti- 
mately that the mean longitude of Jupiter ought to be increased 
by the terms 

n^2= -f o"'i 15 sin (15^7' — 6^— 246" «+ 201^*3) 
-f.o"-043 sin(i5^'-7(/-T2o" «+3o8°), 

and the mean longitude of Saturn by the terms 

n'a2'= -|-o"-286 sin (is^r' — e^r- 246" <-|-2i°-3), 
+ o"-2i2sin(i45r'-6^-i8o"<-hS5°-6), 

and concludes that the long-period inequality for Jupiter is not of 
a magnitude sufficient to remove the difficulty stated at the 
beginning of this article. However, it appears worth while to 
have computed these inequalities, if the only result is that the 
doubt is removed. 



The First Satellite or Jtjpiteii is, according to the observa- 
tions of Prof. Schaeberle and Prof. Campbell during August and 
September, " ellipsoidal, with one of its longer axes directed towards 
the centre of Jupiter. The other satellite appears to be spherical." 
This telegram of Prof. Holden's is, like many telegrams, not quite 
clear. Are we to understand that the time of revolution and of 
rotation of the satellite are identical, as in the case of our Moon ? 
or should we read spheroidal for ellipsoidal ? the plane of the two 
equal axes being directed towards the centre of Jupiter. 

Comet Notes. — In communicating a fine series of observations 
of Comet 1889 I. (Barnard, 1888, September 2) to the ' Astr. 
Journal,' a series extending over two years. Prof Barnard remarks 
that what appeared to be an anomalous tail to this Comet in 1889. 
June, has been explained by Prof Bredichin as simply an effect of 
perspective due to the great distance. This comet was, in fact, 
observed at a distance exceeding the aphelia of nearly all the short- 
period comets, and suggests quite new possibilities in cometary 
.observation. It was searched for carefully in 1891, but could not 
be found with the 36-inch telescope of the Lick Observatory. The 
last observation is dated 1890, September 7. 
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Comet 1 89 1 L ( Barnard-Denning) was observed at Windsor 
(N. 8. Wales) by Mr. Tebbutt up to July 3, at the Cape by Mr. 
Pinlay up to June 1 5, when its declination was — 46°, and at Cordoba 
till July 9, '* when its light had diminished so much that it was 
lost under the faintest illumination of the micrometer threads." 

The orbit of Comet 1890 II. has been investigated by Herr 
Bidschof, who finds it slightly hyperbolic. In the autumn this 
year the comet will be only one-tenth the brightness of the last 
opposition ; but as it may still be picked up, Herr Bidschof gives 
the following ephemeris (Ast. Nach. no. 3059) : — 







R.A. 


Decl. 




B.A. 


Decl. 




h 


m s 


/ 




h m s 


/ 


Oct. 31. . 


10 


10 26 


-I-12 21*9 


Nov. 20. . 


10 8 26 


+ 11 34*1 


Nov. 4. . 


10 


10 22 


+ 12 10-5 


24. . 


10 7 30 


+ 11 27*2 


8.. 


10 


10 9 


+ 12 o*i 


28.. 


10 6 21 


-hll 21'2 


12. . 


10 


9 45 


+ 11 50*7 


Dec. 2 . . 


10 5 


-hiT i6'o 


16. . 


10 


9 II 


+ 11 41*9 









Tempel-Swift's periodical Comet was picked up by Prof. Barnard 
on September 27, and independently by Mr. Denning (whose 
capacity for seeing faint objects with a comparatively small instru- 
ment seems to be remarkable) on September 30. Prof. Barnard 
describes the object as " extremely faint." The following 
ephemeris is given for Berlin midnight ; — 





B.A. 


Decl. 




R.A. Decl. 




h m 8 


/ 




h m 8 i 


Nov. I . . 


21 26 2 


+ 7 3'4 


Nov. 17 . . 


22 22 14 +14 I2*0 


5-- 


21 37 6 


+ 8 37-S 


21 . . 


22 41 54 +16 l8'0 


9.. 


21 49 59 


+ 10 19-3 


25.. 


23 4 6+18 26*6 


13.- 


22 4 59 


+ 12 I2'I 


29. . 


23 28 48 +20 33-2 



A bright Comet was discovered by Barnard on October 3, 
E. A. 112° 51', N.P.D. =117° 54', which is now out of reach of 
northern observers, though southern may find the following 
ephemeris useful: — 



RA. Decl. 

Nov. II.. 12 22*3 —56 26 
23- 13 29-5 —55 4 



R.A Decl. 

h m o , 

Dec. 5.. 14 177 -52 32 

17. . 14 52'6 —49 40 



Wolf's periodic Comet is still bright throughout November, 
though it is moving south. Ephemeris : — 



Nov. 



I., 

5- 
9- 

13. 

17- 



E.A. 

h m 8 

4 40 51 
4 39 39 
4 37 57 
4 35 50 



Decl. 

— 2 36-7 

-4 34*8 
—6 25*0 
-8 5-9 



4 33 26 -9 36-4 



Nov. 21., 
25.. 
26. . 

Dec. X . . 



B>.A. Decl. 

h m 8 o , 

4 30 51 -10 55*5 

4 28 10 — 12 ' 2"9 

4 25 31 —12 58-5 

4 22 58 —13 42-2 



wo 



Notes, 



[No. 181. 



Winnecke's periodic Comet will be fairly bright in April nerfc, 
but Dr. Haerdtl gives an extended ephemeris in the hope of its 
being picked up early ; though its brightness is now only coi o! 
that on April i. 



Nov. 



I. . 

5.. 
9.. 

I3-- 
17.. 



h 
II 



m 

4 

9 
14 

19 

24 



DecL 



B 

7 

13 
18 

21 
23 



+ 15 
14 
14 
14 
13 



2*6 

45*3 
287 

13*0 
58-2 



B.A 



Bed. 





h 


m 


8 1 


Nov. 21.. 


II 


29 


22 +13 44*6 


25 •• 




34 


20 13 32-1 


29. . 




39 


15 13 20*9 


Dec. 3 . . 




44 


7 13 "'3 



Encke's Comet was observed on Oct. 4 at Gottingen, in E.A. 
jjh jjm jj8^ jyoQ -f-ii° 1 5' '7, but no ephemeris is to hand for 
November. 



EiLiNTAXL IN 1 89 1. — There is a general impression of there 
having been of late an excessive rainfall. We hear on many sides 
of floods and inundations, and in parts of the country during the 
present summer the rainfall appears to have been considerable. 
As regards the vicinity of London, it may tend to steady our 
thoughts if we give some particulars of the rainfall as recorded at 
the Eoyal Observatory, Greenwich. 



1891. 



Kainfall. Average. 



in. in. 

Januaiy 1*563 1*989 

February ... 0*054 1*484 

March ^'143 1*461 

April 0718 i'66i 

May..; 2*688 2*003 

June 0*962 2'022 

July 3*388 2*470 

August 3715 **35o 

September ... 0*819 2*251 

October 4*317 2*811 



Departure 
from 
average. 

in. 
—0*426 
-1*430 
+0-682 
-0*94.3 
4-0*685 
— I -060 
4-0*918 
+ 1-365 
-1-432 
+ 1*506 



Rainy Aver- 
days age. 
1891. 



17 

4 

17 
8 

18 

II 

17 
22 

12 

20 



15 

15 

13 

13 
II 

12 

13 
13 
13 
15 



Departure 
from 
average. 

+ 2 
— II 

+ 4 



+ 

+ 
+ 



5 
7 
I 

4 

9 

I 

5 



In the first quarter of the year there was a defect of i'i74 in., in 
the second quarter a defect of 1*3 18 in., and in the third quarter an 
excess of 0-851 in. In October the excess was i'5o6 in., so that up 
to October 1 89 1 , the defect for the year was still 0*135 i^* Amounts 
greater than 5 inches have been recorded in October in the years 
1841, 1846, 1855, 1865, 1880 (=7*65 in.), and 1882. During the 
year 1891 there have been two daily falls exceeding 075 in., one 
on August 2 =o'886 in., and one on October 22 =0*774 ii^« The 
rainy days in 1891 have been 146, average =133. The impression 
of excessive rainfall may have been given from the circumstance 
that the rainfall was at times spread over a considerable number of 
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hours. In Tebruaiy and April it will be noted that the days of 
rainfall were very few. The February rainfall was indeed phe- 
nomenal. "W. E. 



The discovery of minor planets advances at such a rapid pace 
that it becomes difficult to keep proper account of them. Messrs. 
Palisa and Charlois seem to monopolize this particular branch, aud 
since our last notice in the May number they have added 12 to 
the list, making a total of 321. Of the five discovered during 
September, four are placed to the credit of Charlois, who has an 
inferior instrument but a better sky than the Vienna observer. 
The supposed new planet discovered by Palisa on August 14 turns 
out to be identical with Medusa (149). 

Minor planet No. 30(6 has been named Unitas, and 309 
Fraternitas. 



In the * Astronomical Journal ' No. 246, Prof. Glasenapp gives 
the orbit of S 186. He makes a period of 150*8 years. 

In the same number S. W. Burnham gives recent measures of 
the two double stars : 

Position-angle. Distance. Epoch. 

jSDelphini 33i°-6 o"-38 1891-45 

85 Pegasi, AB 151 "8 o -78 1891-56 

AC 354 7 24-58 1891-56 

And J. M. SchaBberle gives an ephemeris for 85 Pegasi to the end 
of present century. 



We regret to hear of the death of Franz Friedrich Ernst 
Briinnow at the age ol nearly 70. Though his active astronomical 
career was cut short by ill-health some years ago, it was already a 
long and important one. He was appointed Director of the Bilk 
(near Diisseldorf) Observatory in 1847, and while there produced 
an important memoir on De Vice's comet, as well as a very suc- 
cessful text-book on spherical astronomy. From 1851 to 1854 
Briinnow was at Berlin as First Assistant, but was called from 
there to the United States, where he was prominently connected 
with the observatories of Ann Arbor (Michigan) and Albany, and 
edited the 'Astronomical Notices.' In 1866 he was made Astro- 
nomei- Eoyal for Ireland, and two volumes contain his work on 
Stellar parallax of this date ; but he resigned this post in 1874 on 
account of overwork and weakness of the eyes. He died on 1891, 
August 20, of heart disease. * 

Also of Professor Ferrel, of the United States, one of the 
foremost meteorologists of our time. He paid great attention 
tx) the mechanics of the atmosphere, treating questions con« 
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• 
nected therewith by strictly scientific methods. Many of 

his papers are to be found in the U.S. official pabhcations, 
and were not greatly known ; but one of his later separate 
works, " A Popular Treatise on the Winds," has probably en- 
joyed a wider circulation. In it he treats of the general motions 
of the iatmosphere, arid of monsoons, cyclones, waterspouts, <fec., 
and he gives therein the results of his investigations and conclusions 
on these a^d related subjects. The work forms a valuable addition 
to meteorological literature, and the loss of its author is keenly 
felt by the meteorologists of all countries. 

* - 

Also, of Dr. J. C. Lamp, on September i8, at Bavos. Dr. Lamp 
commenced his astronomical life in Botibkamp, in the observatorj 
of Herr von Biilow; but in 1888 he returned to Berlin, and was 
the most zealous of assistants to Dr. Auwers from that, time until 
lung- trouble developed itself, and cut short a most promising 
career at the age of 34. 



CoNGBATTJLATioKs to Mr. A. M. W. Downing on his appoint- 
ment as Superintendent of the * Nautical Almanac,' in succession to 
Dr. Hind, who will resign at the end of this year. Mr. Downing's 
contributions to Astronomy have generally dealt with large masses 
of figures, and his long term of service at the Eoyal Observatory, 
Greenwich, will be utilized to manifest advantage in his new 
sphere of activity. He is a Secretary of the Eoyal Astronomical 
Society, and was recently one of the Editors of this excellent 
magazine. 

The Newall Telescope and dome are all but completely mounted 
on their new site at Cambridge, and Mr. H. F. Newall has built 
himself a house close by, whence he has been superintending the 
erection. Anyone who has had a similar experience knows the 
severity of such work, and will wish Mr. Newall a speedy and 
successful termination to his more fatiguing labours. 

To Dotjble-Stae Obsebvehs.— -Prof. S. W. Bumham is pre- 
paring a general catalogue of all stars discovered by himself, and 
would be glad to receive any unpublished measures of these stars, 
Nos. I to 1224. 

An excellent article by the Eev. A. L. Cortie, S.J., on " Some 
recent Studies on the Solar Spectrum," which originally appeared 
in ' The Month,' has been reprinted, and will weU repay anyone 
who takes the trouble to acquire and peruse a copy. 

Wb have not yet heard of any steps being taken towards 
appointing a successor to Mr. Pogson at the Madras Observatory. 
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No. 182. DECEMBER. 1891. 

MEETING OE THE ROYAL ASTRONOMICAL SOCIETY. 

Friday, November 13, 1891. 

Lieut.-Gten. J. F. Tbnnant, C.I.E., R.E., F.R.S., 
President, in the Chair. 

Secretaries : E. B. Knobel and A. M. W. Dowiting, M.A.% 

The Minutes of the last Meeting were read and confirmed. 

Mr. Downing. One hundred and ninety-one presents have been 
received since the last Meeting. Amongst those calling for special 
mention are : — J. E. Gore, * Star Groups,' presented by the Author ; 
T. Cooke & Sons, * Adjustment and Testing of Telescopic Objec- 
tives,' presented by the Authors ; F. W. Very, ' On the Distribu- 
tion of the Moon's Heat, etc' presented by the Author ; ' Lick 
Observatory Reports of Observations of the Total Eclipse of the 
Sun, Dec. 21-22, 1889,' presented by the Lick Observatory; T. W. 
Backhouse, ' The Structure of the Sidereal Universe,' presented by 
the Author ; L. Struve, * Bestimmung des Mondhalbmessers,' pre- 
sented by the Author ; C. Flammarion, ' Copemic et la decouverte 
du Systeme du Monde,' presented by the Author ; Dr. W. Huggins, 
' Address delivered at the Cardiff Meeting of the British Associa- 
tion 1 89 1,' presented by the Author; Th. von Oppolzer *Traite 
de la determination des Orbites des Cometes et des Planetes, trad, 
par E. Pasquier,' presented by Mr. R. E. S. Cooper ; J. A. C. 
Oudemans, ' Triangulation von Java,* Abth. iii., presented by Prof. 
Oudemans ; J. K. Rees and H. Jacoby, * Catalogue of Negatives of 
the Sun, Moon, and Stars, taken by Lewis M. Rutherfurd, 1858- 
78,' presented by the Authors ; Photographs of Spectra of Solar 
Prominences taken by Prof. G. E. Hale, presented by Prof. G. E. 
Hale ; Lick Observatory, Photograph of Jupiter and Photograph 
of the Cluster in Hercules, presented by the Lick Observatory ; 
VOL. xrv. 2 G 
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Two drawiugs of Jupiter, presented by Mr. G. T. Gwilliam; 
Slater's Armillary Sphere, presented by Prof. Slater. 

A vote of thanks was accorded to the donors of the presents. 

Mr, Downing read an extract from Prof. Holden's letter which 
accompanied the photograph of the Cluster in Hercules, presented 
by the Lick Observatory : — 

"1891, Sept 28. 
'^ . . I am sending a positive copy on glass of a negative tal>en 
July 28, 1 89 1, by Prof. Campbell and myself with the great 
telescope. The copy is not as good as the negative, and the negJt- 
tive is not as good as it ought to be. Still you can see some very 
interesting features. The easiest to make out are dark channels 

in sets of 3 Jr dupHcating the 3 channels figured by Lord 

Eosse in the Phil. Trans. If we call the intersection of such 
channels a?, there are 13 a^^s on oiir negative of Aug. 25, 1891. 
These have been verified visually, and some of them are shown 
very well on a beautiful negative of the Cluster which Mr. Eoberts 
kindly sent us. 

" The trifid nebula has channels of the same sort, as you remember. 
There are various other features worth noting, of which I will not 
speak now. To bring them out clearly we need an exposure of 4 
hours on a night without wind. Our longest exposure has been 

The President, I examined the photograph of Jupiteri;he other 
day, and was much impressed with the definition of important 
parts of the planet, and particularly with the extremely numei-ous 
details visible upon the belts. 

Mr, Ranyard asked if it would be possible to show this beautiful 
photograph on the screen. 

Mr, Knohel, We will endeavour to do so, but the photograph 
is so very granular that I fear the result will not be very satis- 
factory. 

The photograph was projected later in the evening, and the 
details on the belts were weU seen. The red spot was very sharp, 
as also was the disc of a satellite just after transit egress, the 
shadow of the satellite being still upon the disc. 

Mr, Knohel read a paper by Mr, E, E, Barnard^ entitled "Ob- 
servations of the Spots and Markings on the Planet Jupiter, made 
with the 1 2-inch Equatorial of the Lick Observatory." The Planet 
has shown a remarkable amount of detail during the present 
opposition. The southern hemisphere exhibited the great red 
spot, which has regained much of its former distinctness in colour 
and form, and new red spots have been formed in addition to a 
large number of white spots. These latter markings are charac- 
teristic of the southern hemisphere, though individual white spots 
have been seen on the northern half. A number of small dark 
spots have been formed on the northern regions, and these have 
extraordinarily short periods of rotation. Observations have been 
made of the relative light and size of the four moons, and these 
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will be continued. The fourth satellite seems to vary considerably 
in its light. 

Detailed observations are given of a small oblong dusky spot in 
the southern hemisphere ; of the small black spots in the northern 
hemisphere which formed during the present year in identically 
the same location as a similar group in 1880; of anew oblong 
red spot which formed near the great red spot in August 1890, 
the origin of which is probably connected with the great red spot ; 
of the large white spots in the southern hemisphere, one of which 
skirted the red spot without any apparent change of latitude ; of 
the long red spot in the southern hemisphere ; of the great red 
spot, and of the phenomena of the satellites. 

The great red spot seems to be stationary in longitude, its 
motion appearing to be the same as that assigned to Marth's 
System II. It still remains the slowest rotating object on the 
planet. 

The first satellite has not been seen double since the observation 
on Sept. 8, 1890, and later observations of the phenomena rather 
discourage the idea of actual duphcity, although the conditions for 
reobservation will not be most favourable until 1892. 

The satellite has been seen egg-shaped when in relief on the 
dark belt, both by Mr. Burnham and myself, and this cannot be 
due to any malformation of the satellite, since that object has 
always appeared perfectly round only a few minutes before the 
elongated phase, the transition being rather sudden. This parti- 
cular phase and the apparent duplicity is explained by a bright 
belt on the satellite, and as the pointed end is sometimes preceding, 
and at other times following, Satellite I. must rotate on its axis in 
a time different to its period of revolution. 

After observing the planet for some twelve years, 1 can scarcely 
advocate the theory that the visible surface of Jupiter is cloud 
surface. It would be more consistent with observed phenomena 
to suppose the surface to be in a plastic or pasty condition, the 
belts and markings being merely discolorations in this due to 
internal irruptions. The permanence and the changes of colour 
of the markings are against the cloud theory. One might com- 
bine the two theories, and account for the shortcomings of the 
plastic theory by supposing local clouds of steam at or near the 
surface. I do not know to what extent the small density of the 
planet may militate against this, but the theory seems certainly 
worthy of consideration. Perhaps this theory has been advanced 
before, as it seems a natural one ; if so, I have not seen it. 

Mr. Knobel read another paper by Mr. Barnard on " Colour 
Changes in the Markings on the Surface of the Planet Jupiter." 

A careful study of the numerous details during 12 years has 
led to the discovery that the red colour of any marking is an 
indication of age. When a spot first appears it is dark, but after 
some time turns red. No deviation from this ride has been dis« 
covered. The black spots in 1880, and the similar spots in 1890, 

2g2 
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soon turned red. The new red spot, which exhibited no trace of red 
in August 1890, is now the most conspicuous object on the planet 
and is of a deep red colour. Inquiries into the history of the 
great red spot show that in the early observations in 1872 by Mr. 
Corder ('Observatory/ vol. v. page 21) "its colour was not noted 
as red," and observations by Dr. Terby confirm this. !From a 
knowledge of the time occupied by the dark phase of the spots, I 
think it would be safe to say that the great red spot was not many 
months old when seenTby Mr. Corder and M. Terby in 1872. 

This rule (of colour change) seems to apply also to the equatorial 
belt, the dark portions beini new or recent formations. 

Mr. Knohel read a paper " On the supposed Duplicity of the 
First Satellite of Jupiter, by A. Stanley Williams. 

"With reference to Mr. Barnard's observation of the apparent 
duplicity of Satellite I. on Sept. 8, 1890, 1 would ask whether the 
observed phenomena may not have been due to the satellite being 
seen in transit as a dark spot close to a dark spot on the sur&ce 
of Jupiter. Mr. Barnard's observation was interrupted, and it 
was not possible to follow the satellite closely owing to the pre- 
sence of visitors, or the difference in rate of motion could not in 
such case have escaped being noticed. Mr. Barnard's explanation 
of his observation appears to me inadequate, since it would require 
the satellite to be much larger than it actually is. On Sept. 5, 
1890, three days before Mr. Barnard's observation, the accom- 
panying sketch-map was made with a 6J-inch Calver reflector, 
powers 150 and 225, of the equatorial regions of the planet 
between 8^ 14°" and 11^ 27"^ O.M.T. The little dark spot marked 
" a " was in mid-transit at 8** 42"*, and therefore followed the zero 
meridian of System I. of Mr. Marth's Ephemeris (* Monthly 
Notices,' vol. 50, p. 346) by 3^ 3o'»'7. The motions of the mark- 
ings last year agreed closely with the ephemeris, and a few days 
would make no appreciable difference. The dark spot would 
transit therefore at 15'* 26^*7 Gr.M.T. on Sept. 8th, and, according 
to the Nautical Almanac, the Satellite was in mid-transit on that 
night at 1 5»» 2 7>n. It would therefore be seen projected on the bright 
surface of the equatorial zone just north of the spot '* a," and the 
appearance of the two would be exactly that represented by Mr. 
Barnard in fig. 4, plate 14. 

Dr. Sjoitta. Several years ago I made a number of experiments 
on the question of the transits of Jupiter's Satellites, and I feel 
convinced that most of the phenomena given by our American 
confreres are due entirely to contrast. Since the announcement by 
Mr. Barnard of the probable duplicity of the first satellite and of 
the egg-shaped appearance it sometimes assumes during transit, I 
have made further experiments which confirm the results I pre- 
viously obtained. K you take an ordinary small white disk and 
allow it to transit a larger one, using the lime-light to illuminate 
both, then if the relative degeees of brightness of the disks 
are about equal to those of Jupiter and his first satellite, the 
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ordinary phenomena of transit are produced. With a bright belt 
on the disk representing the satellite the same effects are seen, 
when it transits a bright belt of the disk representing Jupiter. 
If this disk is transferred, however, to a dark region on " Jupiter," 
then the elongated form is produced ; and I have thus artificially 
produced the egg-shaped form seen by Mr. Barnard with the 
planet and its sateUite. It must be remembered that irradiation 
makes the bright belt appear larger than the darker portions, and 
I think my experiments place the explanation of this egg-shaped 
appearance beyond dispute. 

Mr, Knohel. Mr. Barnard states in his paper that the Satel- 
lite I. now transits the southern dark equatorial belt of Jupiter, 
and therefore cannot be easily seen as a dusky spot during transit. 
There was a transit of this satellite on Saturday last, which I 
observed, and when the satellite entered on the disk it appeared 
perfectly* bright. After it had passed on to the disk about a 
quarter of the apparent diameter of Jupiter, I could see it as a 
dusky spot and not as a bright one. The satellite was clearly seen 
on the southern belt. It is possible, therefore, at the present time 
to observe the transits of the satellite, even although the dark spot 
may not be so pronounced as when observed by Mr. Barnard. 

Capt Noble, I was struck by two remarks in Mr. Barnard's 
papers. The first was in connection with what he says about the 
probable plastic condition of the superficial markings which we 
see on Jupiter. He points out that the red spot has been the 
slowest in rotation of any object on the disk. 

Mr. Stanley Williams, if I remember rightly, watching the planet, 
saw a white spot advancing towards the red spot, and he was in- 
terested to ascertain whether this white spot would go above or 
below the red one. It went below it and reappeared on the other 
side. It has struck me, then, whether the red spot may not be a 
protuberance of what we may call the substance of Jupiter him- 
self ; in fact, that it may be a portion of the red-hot material of 
the planet protruding through the plastic superficial visible sur- 
roundings of Jupiter. 

Mr, Ranyard, The difference in periods of rotation of Jupiter 
indicated by different markings on the planet has, I think, been 
fully proved previous to this paper by Mr. Barnard ; his observa- 
tions confirm what was previously known. Of itself this is suffi- 
cient evidence that we do not see the surface of Jupiter, but that 
the bright spots and dark markings we see are in a gaseous enve- 
lope. Some years ago I put together, in a paper published in the 
' Monthly Notices,' all the observations of occultations of stars by 
Jupiter, and I think showed that there was ample evidence that 
stars and satellites, when occulted by the limb of Jupiter, do not 
disappear suddenly, but can be seen apparently projected on the 
limb of the planet — that is, really through its atmosphere — for 
several minutes after contact. A yth-magnitude star was thus 
seen by Prof. Pickering through at least a depth of looo miles of 
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Jupiter's atmosphere, and its light disappeared and appeared agam 
several times. The markings we see must therefore be in a deep 
gaseous envelope. This fact and the different periods of rotation 
are either of them alone sufficient to disprove the plastic theory. 
There seems to be strong evidence of a connection between sun- 
spot activity and the markings on Jupiter, and it is interesting to 
hear that there is now rapid change taking place in the bright 
and dark markings on Jupiter with the increase of sun-spot 
activity *. 

Mr, Turner, As one whose work is in an entirely different 
direction from the^ study of planetary detail, I should like to 
express the satisfaction one feels to know that we have observers 
like Mr. Williams and Mr. Denning in England who are capable 
of entering into friendly rivalry with Mr. Barnard and other 
American observers. 

Mr, HowletU How long could a double satellite exist with com- 
ponents revolving in such close proximity as the double suggested 
by Mr. Barnard without ditiwing together and forming one satel- 
lite? 

Mr, Banyard, What would be the pressure of two such masses 
I GOG miles in diameter ? At the point where they touched their 
mutual gravity would crush them together, even if made of iron. 

The President, I am afraid the last questions must remain for 
the present unanswered, for there is nobody present to give a 
dogmatic response. In asking you to ^cord your thanks to 
Mr. Barnard and Mr. Williams, I would point out that those who 
take the trouble to go into these questions of planetary detail are 
doing very useful service to astronomy, although perhaps it is not 
a very pretentious one. 

Mr, Turner read a paper on " New Forms of Levels " by Dr, A, 
A, Common and himself. 

The question of new forms of levels may seem a very small 
matter, but it is for purposes of accurate astronomy a very im- 
portant one. The great cfifficulty about the ordinary form of level 
is the want of uniformity of the scale. On the occasion of the 
recent determination of the longitude Paris — Q-reenwich, we found 
it necessary to spend a great deal of time in examining this point. 
Equal divisions on the glass cylinder of the level do not corre- 
spond to equal differences of inclination. I was led, therefore, 
to devise a new form of level in which the bubble is always 
brought to the same part of the tube by means of a micrometer- 
screw that can be used to raise or lower one end of the glass tube. 
The amount of rotation of the screw to bring the bubble central is 
read off as in the ordinary micrometer, and this replaces the 
scale reading of the ordinary form. 

* In 1870 I wrote a paper in the 'Monthly Notices ' drawing attention to 
several coincidences previous to that date between periods of sun-spot actiTity 
and periods of rapid change upon Jupiter. Since that date we haye had rapid 
change taking place from 1880 to 1883 with great sun-spot activity, and now 
again there seems to be an increase of activity on both the Sun and Jupiter. 
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Astronomers are familiar with the investigation of errors of a 
screw, and the errors of the level screw can be more accurately 
ascertained than the errors of scale reading of a level. Certainly 
the error of the screw would not be greater than the present scale 
error, and would probably be less. The object of the screw was 
not so much to reduce the accidental error of a reading as the 
systematic error. The new level would render it necessary (i) 
That in future four readings should be taken instead of two ; 
this meant a longer operation, but the increased systematic 
accuracy would more than counterbalance the additional time. (2) 
The time spent in the calibration of the scale would be no longer 
necessary. (3) In this form of level the part of the scale which 
was used miglit be selected at will, and the best part of the tube 
always used. (4) There was always a tendency to stop short of 
the true position in the ordinary form of level, but in the present 
form errors due to this tendency could be determined by bringing 
up the bubble in opposite directions with the screw. (5) There 
were some cases in which levels were fixed to the instrument, as 
in the case of an altazimuth at Grreenwich, and were supposed to 
be always in adjustment. After standing for several days, and 
particularly after rapid changes in the weather, these levels were 
often seriously out of adjustment, so that the bubble was off the 
scale. This led to inconvenient delay ; whereas if the new levels 
were used, and adjustjnent were made part of the ordinary every- 
day use of the instrument, no inconvenience would occur. 

The second part of the paper was due to Dr. Common, who 
suggested that instead of the ordinary bubble with its variable 
length and other inconveniences, an entirely new form of level 
should be made. It was really a modification of the Bohnenberger 
eyepiece, and consisted of a small horizontal telescope mounted on 
legs as in the striding level, with a reflecting prism attached to the 
object-glass, so as to reflect light passing from the eye-end 
downwards on to a surface of mercury, from which the light 
would be reflected back along the tube. By placing illuminated 
wires at the focus of the object-glass, the light from the wires 
would be reflected back to the same plane as the wires. A micro- 
meter screw would enable the wires and their image to be made 
exactly coincident. 

The instrument was illustrated by a sketch on the blackboard. 

Mr. Turner said he felt that any such additional method of 
determining level, which was an independent one, was very 
valuable. 

Mr, Brett, How do you know that you have got a true 
cylinder to your level — the cylinder, I mean, in which the liquid 
moves ? You have some method of determining that I presume ? 
If the cylinder is not regular in shape, the size and shape of your 
bubble will vary, and there is no use in measuring it. 

Mr, Turner. That is the difiiculty with the ordinary form. 
The bubble is not always the same size owing to changes of tern- 
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perature, or the same shape owing to errors of form in the 
cylinder. With the new form of level you are not concerned 
with different parts of the tube, for as the bubble is always 
brought to the same portion of the tube for the two readings 
in reversed positions, any variations in the tube have no effect 
whatever. 

Mr. LecTcy, If there was a speedy method of getting the 
centre of a bubble by a proportional compass or otherwise, then 
many of the difficulties of the present form would disappear, and 
instead of a mark at each end of the level one fiducial point could 
be marked on the centre of the glass, to which the centre of the 
bubble could be brought with more accuracy than the ends of the 
bubble to the two fixed marks. I have often throught that the 
" Circular floating collimator " invented by the late Captain E^ater 
deserved more notice than it has received as an instrument for 
use with the Transit instrument, for by reversion it combines 
both level and colUmator. Many years since I had one in use, 
made by a friend of mine, in the South of Ireland. 

Mr, Plummer. The difficulty, I think, is that the bubble under 
different temperatures is of different lengths. There should be 
some sort of chamber, so that when or before the micrometer is 
turned the liquid can be compressed or released so as to get the 
same length of the air-bubble under all circumstances. 

The President, I think the subject which Mr. Turner has 
taken up is a very old one. I recollect looking into the subject 
when I was in the constant habit of using levels. I have no 
doubt that Mr. Turner's idea will give great faciKty and greater 
accuracy in reading levels. There are other things, however, that 
we can do. The exact mode of making levels used to-day is 
described, I think you will find, in Pearson's ' Astronomy/ and 
we have not advanced since that time. You will find the present 
system of making levels is about as unsatisfactory as possible, 
especially the manner of obtaining the uniform scale. There is no 
security whatever that the level shall be a good one, except the 
tests with the bubble-trier. When I was a member of the 
Trigonometrical Survey of India, I tried, amongst other things, 
to devise a better level than we have. I abandoned the cylindrical 
tube altogether, and used a circular curve cut out of one side of a 
solid prism of glass. This I expected would be more sensitive 
than the present form, but I never was able to carry it out. 
[Black-board illustration.] 

At present we use a very light and volatile fluid in levels, but 
this is not essential. In 1851 Prof. Piazzi Smyth exhibited 
some levels in which he used heavier fluids, and he found these 
more sensitive in every way? he also used a supplementary 
chamber as suggested by Mr. Plummer. The important thing is 
to get a fluid in the level of considerable density and mobility, 
and if you make your tube of the particular form shown in the 
black-board diagram, you would probably be able to use mercury, 
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which would have a great number, of advantages over the levels 
filled with ether now in use. Mr. Turners suggestion is, I 
believe, a good one, but we can do something to improve tha curve 
of the level and to alter the liquid ; certainly something should be 
done to alter the very unsatisfactory state of levels. 

Mr. Brett. "Why not use chloroform as the liquid? It is 
extremely heavy and extremely mobile, and would be a much 
better Hquid to use. 

A vote of thanks was passed to Mr. Turner and Dr. Common 
for their paper. 

Dr. Spitta read "A note on some Photometric Experiments 
connected with the Apphcation of the Law of limiting Apertures 
to Small Object-Grlasses." In some experiments connected with 
the paper read before the Society in November last, certain 
doubtf id and equivocal results immediately followed the application 
of a diaphragm to the telescope in use, and these were of so pro- 
nounced a character that the use of such means for reducing the 
intensity of the luminant had to be abandoned. A doubt had 
always existed as to whether it was scientifically accurate or strictly 
philosophical to apply the law of limiting apertures to an object- 
glass, considering its compound nature and different modes of 
manufacture. The accompanying table gives the results obtained 
from photometric tests of objectives by different makers, English 
and foreign. The first column gives the distinguishing name of 
the 0.Q-. examined ; the second and third its aperture and focal 
length ; the fourth and fifth the actual ratios photometrically 
obtained when the aperture was lineally reduced to one half and 
one quarter respectively. 

Table of Ratios Photometrically obtained. 

ins. ins. 

I. Alvan Clark 6*5 93 

n. Tulley 3'i875 46*5 

HI. Clerkenwell 2*625 42 

IV. Watson 2*8125 4^ 

Y. Grubb 2-875 4^'^ 

VI. A. and N 2-375 2475 -- ^•^7 * • g^j 

These results were also embodied in curves exhibited by means 
of the lantern. 

An examination of the table and the curves shows that in all 
cases, except perhaps the Alvan Clark, the rays passing through the 
outer zones do not contribute to the intensity of the focal image as 
much as theoretically they should. It would seem that focal length 
is not a factor of importance^ but I submit that a solution of the 
difficulty very probably lies in the aplanatisation of the respective 
glasses. FerEection of definition is sometimes effected, uncon- 
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sciously it may be, by pushing the focus of the rays from tlie 
outer zones aside, so as to be ^finally lost or cut off by suitable 
diaphragms. This conclusion was forced on me by an examination 
of one of the telescopes examined photometrically with diverging 
light, which of course exaggerated the defect, when I found, with 
aU internal diaphragms removed, that the outermost zone had a 
focus sensibly different in length to those from neighbouring and 
central ones. Yet this object-glass in the tube had good defining 
power, going in and out of focus with slight movement of the eye- 
piece. 

These experiments offer a suggestion how it came about that 
Dr. Y. L. Charlier found that diaphragms did not control the 
photographic intensity of light according to thedretical considera- 
tions. They also render it easy to understand why half the linear 
aperture of a large telescope has so often been noticed to reveal 
fainter stars than the full aperture of another of the same linear 
dimensions. 

The errors are not due to differences in angles of incidence of 
the cylindrical beam upon different zones, for the Clerkenwell glass 
reversed, so that its sensibly flat posterior surface received the rays, 
gave results similar to those first obtained. 

Dr. MiJller, of Potsdam, working with a ZoUner photometer, 
reduced his aperture in such ratios that the computed values of 
the logs of brilliancy of a star were 1*0742, 0*7059, and 0*4437, 
but the observed ratios were 0*3695, 0*3439, and 0*2687. He 
found, after the aperture had been reduced one-half, the observed 
and computed ratios had a tendency to agree. With a larger 
telescope (i. e, one of 135 mm. aperture) the differences between 
observed and computed ratios became almost nil, 

Wolff, after experiments with an object-glass of 37 mm. 
diameter, comes to much the same conclusion, although, as a 
matter of fact, he did not push his investigations any further with 
the reduction of aperture to telescopes of larger dimensions. 

The Astronomer Royal, I should like to ask Dr. Spitta whether 
he thinks the small aperture of the object-glasses photometrically 
tested has anything to do with the imperfections he has noticed. 
The question is whether these small object-glasses he has used 
have been as carefully made as larger ones are, and, therefore, 
whether his results are altogether conclusive. We know that 
small object-glasses are in many cases meant to be used as finders, 
and opticians do not take so much trouble in figuring them as they 
do with larger object-glasses for observing purposes. The first 
on Dr. Spitta's table is of 6 J inches diameter, and that is, I 
think, a fair aperture for testing; but when we come to 2| inches, 
or something like that, I should very much doubt whether sufficient 
care has been taken in figuring these small object-glasses to enable 
us to profitably apply these crucial tests to them. I would also 
ask what were the apertures of the object-glasses Dr. MiiUer has 
examined^ 
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Dr, Spitta, With regard to what the Astronomer Eoyal has 
said, I would say that the TuUey ohject-glass. was specially made, 
aiid is supposed to be of the first class. He was specially commis- 
sioned to make that telescope, and it was used years ago by no less 
authority than Prof. Pritchiard for eclipse observations. The focus 
is remarkably fine, but the light-ratio is very poor. 

Mr. Plummer. As to the small object-glasses, I think the com- 
parison given by Dr. Miiller is very instructive, because those 
figures were obtained by testing the object-glasses of the Zollner 
photometers. The diameter of these ob]ect-glasses is small, about 
2 1 inches, I think, very comparable with those measured or exa- 
mined by Dr. Spitta. Dr. Miiller says that when he applied pho- 
tometric observations to the intensity of the images formed in 
larger telescopes, and compared them with results obtained by 
limiting the aperture of the same telescope, he found that the 
agreement of the results was practically perfect. 

Does Dr. Spitta consider the alteration in size of the diffraction 
image, when the aperture is diminished, would affect the results 
given in his diagram ? 

Br, Spitta. I did take that into consideration, and for that 
reason I used the compound wedge in these experiments, thus 
getting over that difficulty entirely. 

A vote of thanks was passed to Dr. Spitta for his paper. 

Mr, F, McClean read a paper on " Comparative Photographic 
Spectra of the San and Metals. — Series I. and II.'' 

I wish to lay before the Society two series of photographic 
spectra, in which the spectra of the Sun and of fifteen metals enume- 
rated are mounted in parallel sections in order to facilitate com- 
parison and identification of the lines. Series I. contains spectra 
of the Sun, iron, platinum, iridium, osmium, palladium, rhodium, 
ruthenium, gold, and silver. The last eight constitute the platinum 
group of metals. Series 11. contains the spectra of the Sun, iron, 
manganese, cobalt, nickel, chromium, aluminium, and copper. 
These seven metals constitute the iron-copper group. Each series 
consists of six sections, corresponding in scale to Angstrom's 
charts. The air-spectrum is always present when an electric 
spark is passed between metallic electrodes in air, but a special 
series of photographs are requisite to obtaili it at its best. It is 
also necessary to eliminate fines due to impurities in the speci- 
mens of metals employed as electrodes. Iron, calcium, and 
barium are the chief impurities. The fluting attributed by Thalen 
to aluminium oxide is shown in the aluminium spectrum. The 
spectra of iridium, ruthenium, and rhodium are, I believe, practi- 
cally new work, and so, I think, are some of the other spectra of 
Sections I. and II. Identification of iron, chromium, manganese, 
cobalt, and nickel can be readily made, but it is impossible to get 
complete results until impurities are eliminated and a double set 
of photographs obtained. The spectra extend from wave-length 
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3800 to wave-length 575® tenth-metres, or from H to near D. 
The mounted photographs are reproduced by the Direct Photo- 
Engraving Company, and the white lines unfortunately become 
a little coarser in the process, but I hope the photographs may 
be of some service to others engaged in spectrography. 

Mr» Banyard. During a visit to Mr. McClean, I was very 
much struck with the remarkable care he is giving to this very 
difficult research. The photographic and electrical difficulties are 
great. The photographs are beautifully sharp, the scale is the 
same as that of Angstrom, and the mounting is most accurate. 
The common lines in the spectra are seen in exactly the same 
straight line down the whole series, and there is really beautiful 
definition in many of the spectra. 

Tlie President. I am afraid there is hardly anybody here who 
can comment with much advantage upon Mr. McCiean's work. 
The fact is that it requires an enormous amount of care and 
attention to turn out work of this kind, and when Mr. McClean 
gives us the full benefit of it, we can only feel grateful, and cannot 
criticise. We are very thankful to Mr. McClean for the very 
great service he has performed. 

Dr. Common read a paper entitled *' 'Note on some Photographs 
of Jupiter taken with the 5-foot Beflecting Telescope." The paper 
is not intended to be a detailed description of the photographs, but 
was brought forward to tell the Society of a new mirror that has 
been made for the five-foot telescope, and of the experiments made 
with the new mirror since July with the object of testing the light- 
grasping power and the defining power. For this preliminary work 
Jupiter was very conveniently situated, and has been photographed 
directly at the focus, and also by the use of various enlarging 
lenses attached to a special enlarging-apparatus. The images vary 
from about y^th of an inch in diameter, that being the size without 
enlargement, up to an inch and a half, the greatest enlargement 
yet attempted. The results, speaking generally, have been very 
satisfactory. 

The shortest possible exposure (obtained by hand-rotation of a 
circular shutter in front of the plate) gave a very good image of 
Jupiter at the direct focus. The exposure was certainly less than 
-j^^th of a second, and yet the bells and other markings on the 
planet were easily visible with a lens. Extending the exposure to 
2 seconds " burnt out " the detail on the planet, but showed all the 
satellites with sufficient density to be easily recognized, and their 
angular distance from the centre of Jupiter could be easily measured 
from the photographs. Enlarging the planet to half an inch in dia- 
meter increased the necessary exposure to from 3 to 6 seconds. 
Larger sizes were obtained by the use of other enlarging-lenses. 
After making a series of photographs of the planet, I was very 
much surprised to find that with the planet ^jths of an inch in 
diameter, and an exposure of 8 seconds, not only were details on 
the belts shown, but a satellite in transit could be easily recognized. 



Dec. 1891.] the Royal. Astronomical Society. 405 

and the shadow also made out. Satellites off the disc, but close to 
it, were also distinctly shown with round well-defined discs. 

A series of photographs 'of Jupiter were shown by the lantern 
and the details in each photograph pointed out by Dr. Common. 

A vote of thanks was accorded for the paper. 



The following papers were announced : — 

T. W, Backhouse, " Note on S. W. Burnham's invisible Double 
Stars." 

Lieut.-Gen. Tennant, " On the Orbit of Spitaler's Comet (VII. 
1890)." 

E, E, Barnard, " Colour-changes in the Markings on the Sur- 
face of the Planet Jupiter." 

E, E, Barnard, " Observations of the Spots and Markings on 
the Planet Jupiter, made with the 12-in. Equafcoreal of the Lick 
Observatory." 

E, W, Brown, " On the Determination of a certain Class of 
Inequalities in the Moon's Motion." 

S, W, Burnham, "Measures of Planetary Nebulae made with 
the 36-inch Equatoreal of the Lick Observatory." 
i^^ S. W, Burnham, " Corrections and Additions to the Observa- 
tions of Sirius." 

Royal Observatory^ Greenwich. *' Mean Areas and Heliographic 
Latitudes of Sun-spots in the year 1890, deduced from photographs 
taken at G-reenwich, at Dehra Dun (India), and in Mauritius." 

Moyal Observatory^ Greenwich, " Observations of Wolfs Peri- 
odical Comet (6 1891)," 

H. H. Turner and A, A. Common, " On new Forms of Levels." 

A. Stanley Williams, '* On the supposed Duplicity of the First 
Satellite of Jupiter." 

W. H. Maw, " Double-Star Measures 1888-91." 

H, Jacoby, " On the Eeduction of Transit Observations by the 
method of Least Squares." 

Rev, A. Freeman, " Beappearance of Saturn's E/ing." 

E. J, Sjpitta, *' Note on some Photometric Experiments con- 
nected with the application of the Law of Limiting Apertures to 
Small Object-glasses." 

F. McClean, " Comparative Photographic Spectra of the Sun 
and the Metals : Series I. & 11." 

A, Marth. " Ephemerides of the Satellites of Saturn, 1891-92." 
A, A, Common, " Note on some Photographs of Jupiter taken 
with the 5-foot Eeflecting Telescope." 

Prof, A, Cayley, " Note on the Lunar Theory." 

Oliver J, Lodge^ D,8c,^ F,R,8,j Professor of Physics, University 
College, Liverpool, was duly elected a Fellow of the Society. 
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The following Candidates were proposed for election as Eellows 
of the Society : — 

K H, Lees, Orbost, Victoria, Australia (proposed by R. L. J. 
Ellery) ; I^'of, J. S. Slater, Civil Engineering College, Subpore, 
India (proposed by A. M. W. Downing) ; J, de Mendizahal Tarn- 
hcrrel, 13 Calle de Jesus, Mexico (proposed by E. B. Knobel); 
Arthur Thornton, M,A,, Mathematical and Science Master, GUggles- 
wick School, Torks. (proposed by E. W. Brown) ; W. Livingstone 
TFateon, Ayton, Abemethy, Ayrshire (proposed by Dr. B. Copeland). 



MEETING or THE BOTAL METBOBOLOGICAL 

SOCIETY. 

The first meeting of the present Session was held on Wednesday 
evening, the i8th November, at the Institution of Civil Engineers : 
Mr. Baldwin Latham, M.Inst.C.E., President, in the Chair. 

Eleven new Fellows were elected. 

Mr. B. H. Scott, E.B.S., gave an account of the proceedings of 
the International Meteorological Conference, which was held at 
Munich, from August 26th to September 2nd. 

The following papers were also read : — 

1. " Account of an Electric SelE-recording Bain-gauge," by Mr. 
W. J. E. Binnie, B.A. This is a very ingenious instrument, and 
has been constructed on the assumption that all drops falling from 
an orifice or tube are identical in weight, so long as the dimensions 
of the orifice are not varied. 

2. "On Wet and Dry Bulb EormulaB," by Prof. J. D. Everett, 
FJB.S. This is a criticism of the methods investigated some years 
ago by M. August and Dr. Apjohn for determining, bj calcu- 
lation, the maximum vapour-tension for the dew-point from the 
temperatures of the dry and wet bulb. Prof. Everett also criticises 
the values adopted by Begnault, and says that in presence of the 
uncertainty as to a rational formula, he thinks Mr. Q-laisher did 
wisely in constructing his table of factors, which give the dew- 
point approximately by the most direct calculation which is 
admissible. The inherent difficulties of hygrometric observation 
and deduction are great, and have not yet been f ullj overcome. 

3. "Besults of Meteorological Observations made at Akassa, 
Niger Territories, May 1889 to December 1890," by Mr. F. 
BusseU, F.B.G.S. This is in continuation of a former communi- 
cation respecting the same place. After detailing the results of 
the various observations, the author says that this period was very 
unhealthy, and the year 1890 especially so. The weather was 
exceptionally dry, with small-pox and phthisis amongst the native 
population. The West Coast reports generally were also un- 
favourable in reference to the condition of resident Europeans, and 
at the principal ports quarantine regulations were put in force 
consequent upon an outbreak of yellow fever in places situated to 
the south-west. At Bonny ton deaths occurred from November 
to February out of a popuhttion of some sixteen Europeans. 
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THE BEITISH ASTEONOMICAL ASSOCIATION. 

The first ordinary Meeting of the second Session was held on 
Nov. 25 at Barnard's Inn Hall, Holborn, the President, Capt. W. 
Noble, JF.E.A.8., in the Chair. 

Mr, Elger gave a precis of the report of the Lunar Section 
which he presented to the Association, and which will be pub- 
lished shortly. He also read papers on the recent lunar eclipse 
by Miss Everett, Mr. Gore, and Mr, Eadmore. The President 
and the Rev, A, Freeman both described their observations, 
but differed much as to the colour of the eclipsed Moon, the 
former describing it as reddish green, the latter as bluish 
grey. Mr, Banyard remarked on the difference of the appearance 
of the Moon in different eclipses ; Mr, Maunder referred to 
Dr. Boeddicker's recently published observations as showing that 
the Earth's atmosphere reached a height of 190 miles. Mr. 
Downing pressed the importance of observing the times of passage 
of the shadow over the different formations, which Mr, Elger 
thought could only be observed to the nearest minute, but the 
Rev. A. Freeman to the nearest five seconds. Mr, Banyard and 
Mr, Kennedy referred to Prof. Eastman's photographs of a lunar 
eclipse, and to the difference between the shadow as seen by the 
eye and as shown on the photographs. 

Mr, Elger read a paper by Lt. Moles worth on a method of 
ascertaining whether the Moon had an atmosphere, concerning 
which the President , stated that his disbelief in the existence of 
such an atmosphere had been greatly increased by an observation 
of an occultation of Saturn. 

Rev, A, Freeman read a paper on the transit of the shadow of 
Titan, and pointed out that the shadow of Ehea would transit on 
the morning of Dec. 2. Mr. Cottam had observed three such 
transits of Titan's shadow in 1861 with a 2 j-inch telescope. 

Mr, Schooling exhibited and described his apparatus for astro- 
nomical photography, and especially recommended the use of short- 
focus portrait-lenses for photographing nebulas, and expressed his 
hope that a Photographic Section would soon be set on foot. 
Mr, SeabroJce spoke of his own experiments in celestial photo- 
graphy, and Mr, Kennedy advised placing the plate at an angle of 
45° as a speedy method of ascertaining the focus, whilst Mr, Petrie 
urged the necessity of the Association forming a collection of 
lantern-slides. 

Mr. Holmes read a paper on the proportion of light transmitted 
by refracting telescopes, which he said was much less than was 
commonly supposed, whilst the efficiency of a good reflector was 
greater than many imagined. A good 12-inch reflector was about 
equal to a 12 -inch refractor. 

Twenty new Members were elected, and five candidates were 
proposed for election at the next Meeting. 
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An Astronomer's Work in a Modern Observatory. 

ft 

[Oontinued from p. 375.] 

I PiLSS now to another recent result that is of great cosmical 
interest. 

The Cape photographic star charting of the southern hemisphere 
has heen abeadj referred to. In comparing the existing eye esti- 
mates of magnitude by Dr. Gould with the photographic determin- 
ations of these magnitudes^ both Professor £!apteyn and myselE 
have been greatly struck with a very considerable systematic dis- 
cordance between the two. In the rich parts of the sky, that is 
in the Milky "Way, the stars are systematically photographically 
brighter by comparison with the eye observations than they are in 
the poorer part of the sky, and that not by any doubtful amount 
but by half or three-fourths of a magnitude. One of two things 
was certain, either that the eye observations were wrong or that 
the stars of the Milky Way are bluer or whiter than other stars. 
But Professor Pickering, of Cambridge, America, has lately been 
making a complete photographic review of the heavens, and by 
placing a prism in front of the telescope he has made pictures of 
the whole sky like this. [Here two examples of the plates of 
Pickering's spectroscopic Durchmusterung were exhibited on the 
screen.] He has discussed the various types of the spectra of the 
brighter stars, as thus revealed, according to their distribution in 
the sky. He finds thus that the stars of the Sirius type occur 
chiefly in the Milky Way, whilst stars of other types are fairly 
divided over the sky. 

Now stars of the Sirius type are very white stars, very rich 
relative to other stars in the rays which act most strongly on a 
photographic plate. Here, then, is the explanation of the results 
of our photographic star-charting, and of the discordance between 
the photographic and visual magnitudes in the Milky Way. 

The results of the Cape charting further show that it is not 
alone to the brighter stars that this discordance extends, but it 
extends also, though in a rather less degree, to the fainter stars of 
the Milky Way. Therefore we may come to the very remarkable 
conclusion that the Milky Way is a thing apart, and that it has 
been developed perhaps in a different manner, or more probably 
at a different and probably later epoch from the rest of the sidereal 
universe. 

Here is another interesting cosmical revelation which we owe to 
photography. 

You all know the beautiful constellation Orion, and many in this 
theatre have before seen the photograph of the nebula which is now 
on the screen, taken by Mr. Roberts. 

Here is another photograph of the same object taken with a 
much longer exposure. You see how over-exposed, in fact burnt 
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out, the brightest part of the picture is, and yet what a wonderful 
development of faint additional nebulous matter is revealed. 

But I do not think that many persons in this room have seen 
this picture, and probably very few have any idea what it repre- 
sents. It is from the original negative taken by Professor Picker- 
ing, with a small photographic lens of short focus, after six hours' 
exposure in the clear air of the Andes, 10,000 feet above sea-level. 
The field embraces the three well-known stars in the belt of 
Orion on the one haijd, and /3 Orionis (Itigel) on the other. You 
can hardly recognize these great white patches as stars ; their ill- 
defined character is simply the result of excessive overexposure. 
But mark the wonders which this long exposure with a lens of high 
intrinsic brilliancy of image has revealed. Here is the great nebula, 
of course terribly over-exposed, but note its wonderful fainter 
ramifications. See how the whole area is more or less nebulous, 
and surrounded as it were with a ring fence of nebulous matter; 
This nebulosity shows a special concentration about fi Orionis. 

Well, when Professor Pickering got this wonderful picture, 
knowing that I was occupied with investigations on the distances 
of the fixed stars, he wrote to ask whether I had made any obser- 
vations to determine the distance of j3 Orionis, as it would be of 
great interest to know from independent evidence whether this 
very bright star was really near to us or not. It so happens that 
the observations were made, and their definite reduction has shown 
that jB Orionis is really at the same distance from us as are the faint 
comparison stars. j3 Orionis is, therefore, probably part and parcel 
of an enormous system in an advanced but incomplete state of stellar 
evolution, and that what we have seen in this wonderful picture is 
all a part of that system. 

I should explain what I mean by an elementary or by an advanced 
state of stellar evolution. There is but one theory of celestial 
evolution which has so far survived the test of time and comparison 
with observed facts, viz., the nebular hypothesis of Laplace. La- 
place supposed that the Sun was originally a huge gaseous or nebu- 
lous mass of a diameter far greater than the orbit of Neptune. I 
say originally^ do not misunderstand me. We have finite minds ; 
we can imagine a condition of things which might be supposed to 
occur at any particular instant of time however remote, and at 
any particular distance of space however great, and we may frame 
a theory beginning at another time still more remote, and so on. 
But we can never imagine a theory beginning at an infinite distance 
of time or at an infinitely distant point in space. Thus, in any 
theory which man with his finite mind can devise, when we talk of 
originally we simply mean at or during the time considered in our 
theory. 

Now, Laplace's theory begins at a time, millions on millions of 
years ago, when the Sun had so far disentangled itself from chaos, 
and its component gaseous particles had by mutual attraction so far 
coalesced as to form an enormous gaseous ball, far greater in dia^ 
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meter than the orbit of the remotest planet of our present system. 
The central part of this ball was certainly much more condensed 
than the rest, and the whole ball revolved. There is nothing im- 
probable in this hypothesis. If gaseous matter came together from 
different parts of space such coalition would unquestionably occur, 
and, as in the meeting of opposite streams of water or of opposite 
currents of wind, vortices would be created and revolution about 
an axis set up such as we are familiar with in the case of whirl- 
pools or cyclones. The resultant would be rotation of the whole 
globular gaseous mass about an axis. 

Now this gaseous globe begins to cool, and as it cools it 
necessarily contracts. Then follows a necessary result of contrac- 
tion, viz., the rotation becomes more rapid. This is a well-known 
fact in dynamics, about which there is no doubt. Thus, the cooling 
and the contracting go on, and simultaneously the velocity of rota- 
•tion becomes greater and greater. At last the time arrives when, 
for the outside particles, the velocity of rotation becomes such that 
the centrifugal force is greater than the attractive force, and so the 
outside particles break off and form a ring. Then, as the processes of 
cooling and contraction proceed still further, another ring is formed, 
and so on, till we have finally a succession of rings and a condensed 
central ball. If from any cause the cooling of any of these rings 
does not go on uniformly, or if some of the gaseous matter of the ring 
is more easily liquified than others, then probably a single nucleus 
of liquid matter will be formed in that ring, and this nucleus will 
finally by attraction absorb the whole of the matter of which the ring 
is composed — at first as a gaseous ball with a condensed nucleus, 
and this will finally solidify into a planet. Or, meanwhile, this yet 
unformed planet may repeat the history of its parent sun. By 
contraction, and consequent acceleration of its rotation, it may throw 
off one or more rings, which in like manner condense into satellites 
like our Moon, or those of Jupiter, Saturn, Uranus, or Neptune. 
Such, very briefly outlined, is the celebrated nebular hypothesis of 
Laplace. No one can positively say that the hypothesis is true, 
still less can any one say that it is untrue. Time does not permit 
me to enter into the very strong proofs which Laplace urged in 
favour of its acceptance. 

But I beg you for one moment to cast your imagination back to 
a period of time long antecedent to that when our Sun had begun 
to disentangle itself from chaos, and when the fleecy clouds of 
cosmic stuff had but commenced to rush together. What should 
we see in such a case were there a true basis for the theory of La- 
place ? Certainly, in the first place, we should have a huge whirl- 
pool or cyclone of cosmic gaseous stuff, the formation of rings, and 
the condensation of these rings into gaseous globes. 

Eemembering this, look now on this wonderful photograph of the 
nebula in Andromeda, made by Mr. Eoberts. In the largest tele- 
scopes this nebula appears simply as an oval patch of nearly uniform 
light, with a few dark canals through it, but no idea of its true 
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form can be obtained, no trace can be found of the significant story 
which this photograph tells. It is a picture that no human eye 
unaided by photography has ever seen. It is a true picture drawn 
without the intervention of the hand of fallible man, and unin- 
fluenced by his bias or imagination. Have we not here, so at least 
it seems to me, a picture of a Very early stage in the evolution of 
a star-cluster or sun-system — a phase in the history of another 
star-system similar tp that which once occurred in our own — millions 
and millions of years ago — when our Earth, nay, even our Sun 
itself, " was without form and void," and " darkness was on the 
face of the deep " ? 

During this lecture I have been able to trace but very imperfectly 
the bare outlines of an astronomer's work in a modem observatory, 
and to give you a very few of its latest results — ^results which do 
not come by chance, but by hard labour, and to men who have 
patience to face dull daily routine for the love of science — to men 
who realize the imperfections of their methods and are constantly 
on the alert to improve them. 

The mills of the astronomer gi'ind slowly, and he must be infinitely 
careful and watchful if he would have them, like the mills of &od, 
to grind exceedingly small. 

I think he may well take for his motto these beautiful lines : — 

" Like the star 
Which shines afar, 
Without haste, 
Without rest, 
Let each man wheel 
With steady sway, 
Bound the task 
Which rules the day, 
And do his best." 

David Gill, 



The New Binary Star, /8 6480. 

B.A.C. 6480 is a naked-eye star, generally classed as sixth mag- 
nitude, near y Lyrae. It precedes the latter i°* 57', and is 14' 
north. In the course of the observations of the 12" companion to 
yLyraB (02 544) in June 1878, with the Chicago i8|-inch 
refractor, I found that the neighbouring star was a close and 
unequal pair, and at that time a difficult object with that instru- 
ment. It was measured on two nights, and again in the following 
year. A reclfent set of measures with 36-inch telescope shows 
rapid change in both angle and distance, and renders it certain that 
this star belongs to the class of binaries with comparatively short 
periods. It has a proper motion of o"'20i in the direction of 
i4i°*o. It is obvious that this movement is common to both 
components, as otherwise the distance in 1891 would be about 3", 
with the position-angle about the same ftB in 1878. 

2u2 



412 ' I)ouble Stars for December. [No. 182. 

The following are all the measures to this time : — 



1878-47 


3i2°-5 


o"-6o 


6-0 


9-5 


/3 2/1 


1879-47 


298 -3 


'66 


6-5 


9-0 


/3 in 


1891-33 


247 -7 


I -26 


6-0 


10-3 


/3 3n 



This pair is now a very easy object, and should be easily seen 
with any good refractor of seven or eight inches aperture. It is 
desirable that it should be measured annually for a few years to 
get sufficient .data for a computation of the period. 

lick Observatory, Oct. 20. S. W. BUENHAM. 



Double Stars for December. 

The following interesting double stars are well placed for obser- 
vation in December. They may all be observed with a telescope 
of moderate aperture. 

O. Struve 50. E.A. 3^ i", Dec. +71'' 6' (1880) ; Mag. 7-5, 7-5. 
A slow-moving bimiry. 

2io°-8i i"-05 1886-41 Tarrant. 

Struve 367. E.A. 3^ 8"^, Dec. +0° 18' (1880) ; Mag. 7-4, 7-6. 
229°-4 o"-84 1888-06 Leavenworth. 

Struve 422. E.A. 3^ 31"^, Dec. +0° 12' (1880); Mag. 6, 8-2. 
Slow motion. 

242°*9 5 "'91 1877-0 Plummer. 

40 Eridani. E.A. 4'' 10™ 13', Dec. — 7° 49'-5 (1890). 

Triple, 4, 9, 11. 9 and 11 form a binary pair in rapid motion, 
of which recent measures are : — 

iii°-o3 3"*oi 1886-92 Tarrant. 

106 -08 2 -94 1888-84 Burnham. 

105 -05 2 -81 1888-87 Tarrant. 

100 -o 2 -68 1890-73 Burnham. 

Struve 535. E.A. 4^ 17"^, Dec. +11° 6' (1890-0) ; Mag. 7, 8-3. 

ZZf'^ i"'38 1888-47 Leavenworth. 

331-75 1-87 1888-94 Tarrant (A.IST. 2991). 

Struve 566 = 2 Camelopardali. E.A. 4** 30"", Dec. +53° 15' (1880). 

Mag. 5-8, 7-5. 

Slow motion in angle. Distance nearly constant. 

289°-78 i"-6o 1888-03 Tarrant. 



Dec. 1891.] Selenographical Notes, 413 

Struve 577. E.A. 4^ 34"", Dec. +37° 17' (1880) ; Mag. 77, 77. 
Slow motion in angle. Distance nearly constant. 

73°'o3 i"-52 1888-96 Tarrant (A.N. 2991). 

14 (i) Orionis=OS 98. E.A. 5^ 2"^, Dec. +8° 21' (1890); 

Mag. 6, 6*8. 

A binary in retrograde motion. Period 190^ years (Q-ore). 

I93°'32 o"'95 i888t Schiaparelli. 

193-4 o '98 1888*90 Leavenworth. 

J. E. GOBB. 



Selmivy^raphical Notes. 

Eeatosthenes. — This noble ring-plain, which forms so appro- 
priate a termination to the towering escarpment of the Lunai* 
Apennines, is, like the neighbouring Copernicus, more frequently an 
object which attracts the passive admiratioii of the desultory 
observer and his friends than the critical scrutiny of the seleno- 
grapher. In truth, if viewed at that particular stage of sunrise 
when the interior is about half illuminated, it presents so many 
details on its brilliant rampart and beyond, that, in attempting a 
sketch, it is so difficult to eliminate those delicate lights and subtle 
gradations of shadow, which are merely the transient effects of 
sunlight, from other markings which indicate important physical 
characteristics, that we are often constrained to abandon what 
appears to be an hopeless task. 

Schmidt, writing of Copernicus, says : — " Careful study directed 
to its unequal beauties and magnificent form is of more value than 
that devoted to a hundred other craters." With very slight modi- 
fication the same may be afiirmed of Eratosthenes, which is 
scarcely surpassed by any other lunar ring-plain, excepting by that 
which has no rival. 

Isolated drawings of this formation, doubtless for the reason 
just given, are rare. The most recent, and certainly one of the 
most beautiful, was made by that accomplished lunar draughtsman, 
Dr. L. Weinek of Prague, and is dated 1887, Dec. 23, 6^ to 7^ 15". 
The phase, however, was not favourable for showing details on the 
floor, the only object visible in the interior being the highest peak 
of the central mountain -mass, just emerging from darkness into 
sunlight. In Schmidt's map Eratosthenes has evidently suffered 
much at the hands of the engraver — salient and important features 
being masked by the gross prominence given to others of quite 
minor importance. This is more especially true as regards the 
great mountain-arm extending from the south-east side of the 
formation to the west of Stadius. 

The best view of the many terraces on the inner slope of the 
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east wall is obtained when the east long, of the morning terminator 
is about 17^. It is then apparent that Schmidt has not e:Kag- 
gerated their number ; for, at times of best definition, in addition 
to these broad intervening valleys, •which cannot be less than two 
miles across, where they are at their widest, many other concentric 
grey markings of a more delicate character are visible, which point 
to the existence of much narrower and shallower features of a 
similar type. In many instances, both here and elsewhere, as all 
who use his map well know, he draws these valleys as crater-rows, 
or rather as rows of craters which, through encroaching one on 
the other, have lost their individuality as (fistinct depressions, and 
exhibit only a scalloped edge on either side of the valley, which is due 
presumably to their presence. High powers and good atmospheric 
conditions are needed to decide whether he is justified in repre- 
senting these valleys as crater-rows so frequently as he does. The 
fact, however, that so many of the coarser concentric depressions 
on the ring-plain slopes are clearly of this character, tends to 
strengthen the belief that some of the more delicate valleys would 
exhibit the same structure under greater magnification. 

On February 17, this year (7^ 30™ to 8^ 30""), I noted, in addi- 
tion to a number of valleys, broad and narrow, on the inner slope 
of the east wall three oval depressions, like large pits, near its 
foot. They were in a line and were parallel to the edge of the 
floor. At 8^, the extreme point of the shadow of the highest peak 
on the central mountains appeared to touch the foot of the inner 
slope of the east border. Observers do not agree very closely as 
to the shape or extent of these mountains, bright and prominent 
as they are under oblique illumination. Schmidt shows a large 
round mountain, nearly central, another similar to it, midway 
between it and the southern side of the floor, a much smaller one 
north-west of the centre, and a fourth a little north of the centre. 
Madler draws a long mountain near the centre, with t^vo small 
circular hills on the east and a third on the west. Webb speaks of 
" a fine central hill," and Neison of " three central peaks placed in 
a triangle." I have observed Eratosthenes very many times during 
the past twenty-five years, but never, when the central mountains 
were favourably placed, saw any such arrangement of them as is 
drawn or described by these observers. Instead of the greater 
portion of the mountain-mass lying, a« Schmidt describes it, south 
of the centre, I find it on the opposite or northern side. It 
appears to me thus — two large bright circular mountains on either 
side of the centre, situated at the southern ends of two slightly 
curved arms (convex towards the east) in the shape of the letter y, 
the point of junction of the arms being at no great distance from 
the inner foot of the northern wall. The peaks, of which there 
are at least four, are certainly not far from the centre, and the 
northern section of the mountain is also of considerable altitude 
and is as bright under a morning sun as the rest. Schroter 
represents this mountain much in the same way as I see it. About 
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full Moon all that is visible in the interior are five brilliant points 
of light, three of which are north of the centre. 

The most remarkable object beyond tho limits of Eratosthenes 
is the great mountain arm on the south-east, which, extending 
towards Stadius, ultimately forms the most conspicuous section of 
the west wall of this very obscure ring. To see this region at its 
most striking phase, the time should be chosen when the well- 
known crater -row north-west of Copernicus is just within the 
morning terminator. The massive double-peaked shadow of the 
arm then falls beyond the craters, and its southern edge is bordered 
by crowds of bright little depressions. Among them stands the 
fine large crater, Stadius B, encircled by a ring of five or six glit- 
tering craterlets, which render it one of the most beautiful objects 
of its class. There is a prominent crater in the col between the 
two peaks on the mountain arm, and another, not shown in the 
maps, on the eastern plain near its foot, the two objects aligning 
with Stadius B. Thos. G-wyn Elgeb. 

Beaumont House, Shakespeare Boad, 
Bedford, 1891, Nov. 19. 



CORRESPONDENCE. 

To the Editors of ' The OhservcUori/J 

The Varying Lightness of Nights. 

Gentlemen, — 

With reference to Mr. W. F. Denning's remarks in your 
May number, p. 197, on the varying degree of lightness of the 
sky at nights, in which he states that during the Perseid period of 
1880 the sky was especially light, I may say that this phenomenon 
must have extended over a large area of country, as I noticed it 
at the same time, while travelling in Savoy and Switzerland. I 
presume Mr. Denning's observations were made in England. My 
observations show the correctness of his statement that the light 
is not due to any phenomenon low down in the atmosphere, for on 
the night of August lo, when the light was most remarkable, I 
was on La Elegere (near Chamonix), altitude 5900 feet. The 
light was so great that even at midnight Mont Blanc looked per- 
fectly magnificent, every detail being distinct, though the summit 
is distant nine miles from La Elegere. On that night the sky was 
nowhere very clear, and there were irregularities in the light, 
probably owing to thin clouds ; but I do not find this always to 
be the case on light nights, for sometimes they are quite as clear 
as, if not clearer than, dark nights, even very faint objects, such as 
the fainter parts of the zodiacal light and small stars, being clearly 
visible, though of course their distinctness is somewhat hindered 
by the light. 
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Mr. Denning does not say anything about the existence of any 
aurora during the Perseid period of 1880, though I have a note 
that bright auroras were recorded even in the southern parts of the 
British Isles on the nth and 12th. 

Yours faithfully, 

Sunderland, 1891, Oct. 26. T. W. BaokHOTTSB. 



The Cause of Variations in Levels. 

Gentlemen, — 

In your report of the Meeting of the E.A. S. you are 
unable to give the form of level I proposed. I would therefore 
refer those interested to a paper in Vol. xxix. p. 302 of the 
' Monthly Notices.' 

If you would allow me a little space, I should like to say that 
the main cause of the variations of the length of the bubble of a 
spirit-level is the expansion of the light volatile fluid in the level 
whose vapour forms to a great extent the bubble. The volume of 
this fluid is so great in the present form of level, that but for a 
portion of the vapour being condensed on its expansion the tube 
would be burst. The consequence is the inconvenience of short 
bubbles in summer and excessively long ones in winter, to the very 
great inconvenience of observers, and the necessity of considering 
temperature as determining the scale, even when dislevelment is 
very smaU. 

To mercury as a fluid for the level, it may be objected that the 
edge against the glass will be rounded and not sharp. That, of 
course, equally applies to the fluids now used ; and every one knows 
the importance of the mode of lighting the present level-bubbles, 
and the fact that with change in the mode of lighting serious 
differences of reading can be made. This can be avoided with 
mercury by enclosing a. small quantity of a fluid in the tube, which 
shall at once wet both the glass and the mercury ; a solution of 
corrosive sublimate (mercuric chloride) was the medium I proposed 
to use ; unfortunately, I cannot now say where the suggestion 
came from, but I think it will be found to answer the purpose. 
-A. much greater objection to mercury is the risk to brass instru- 
ments and graduations on silver or gold. But mercury is not 
essential. The form of level I propose would much re'duce the 
proportional volume of the fluid, and hence the great variation in 
the bubble length with temperature, whatever the fluid used. The 
form of the longitudinal section could possibly be optically tested 
for truth, at all events it could be made far more truly than now, 
and the mode of reading the ends could be greatly improved by 
methods with which I need not now occupy your space. 

Yours faithfully, 

J. F. Tennant. 
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Solar Photographic Lenses. 
Gentlemen, — 

If you can afford the space, will you kindly describe the 
amplifying lenses or system of lenses used in producing the en- 
larged photographs of the Sun taken at your observatory and 
elsewhere direct in the telescope ? Is a concave amplifier or Barlow 
lens employed or a positive projector ? and are the lenses photo- 
graphically corrected ? In good air are the images of the spots 
and edge of the Sun satisfactorily sharp and well defined ? What 
degree of enlargement is practicable, and what is the size of the 
magnified image of the Sun taken at Greenwich ? What are the 
largest photographs of the Sun, also of the Moon, taken direct in 
the telescope by some sort of projecting lens, exclusive of the Lick 
telescope photographs ? Inquibee. 

[The magnifier used to enlarge the primary image in the photo- 
heliograph now in use at the Eoyal Observatory, Greenwich, is a 
photographic doublet (a double meniscus, the lenses being 2| inches 
apart) of 1*4 inches aperture and 4*2 focal length. The magnifica- 
tion employed is 7 "6 times. This gives a sharp image over the 
greater part of the Sun's disk, but leaves a little to be desired for 
the limb and centre. As the image in the primary focus is almost 
exactly one inch in diameter, the resulting enlarged image is about 
7 1 inches. The largest photographs of the Sun taken direct in 
the telescope are those taken at Dehra Dun, India, 1 2 inches in 
diameter. — E. W. M.] 

Berne Time and the ^ Nautical Almanac' 

Gentlemen, — 

Yielding neither to General Tennant nor to anyone else in 
my personal esteem and regard for Dr. Hind, I must beg you, in 
bare justice, to give me space to state that, had I had the slightest 
idea that his resignation was so imminent and that he had edited 
his last ' Nautical Almanac,' my letter in your September number 
would never have been written. Faithfully yours, 

Forest Lodge, Maresfield, WiLLIAM JSTOBLB. 

Uckfield, 1 89 1 , Nov. 4 . 

Saturn's Ring. 

Gentlemen, — 

I enclose a copy of a letter which I quite recently sent to 
the ' Morning Post ' :— 

"Early this morning, between 5^ 30"^ a.m. and 6^ 10" a.m., I 
saw most distinctly both the ansae of Saturn's Eing. The colour 
of them was a vivid though pale blue. The western ansa was 
brighter than the eastern or following ansa. The ring where it 
crossed the planet was represented by a dark band rather broader 
than the^ western ansa at its junction with Saturn's disk. The 
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Dorth edge of this band was of a strange orange tint. The dark 
colour of the ring in its passage across the disk of the planet is 
an effect of contrast. The orange tint is caused by our looking at 
the disk through the semi-transparent part of the ring. Yesterday 
morning (Sunday) was so cloudy as to hide every celestial object from 
view. But on Saturday, October 31, the blue ansse were certainly 
not visible in a cloudless sky at 6^ 25™ a.m., nor were they visible 
October 30 at 6^ 10"* a.m., nor on October 29 at 5*" 55™ a.m. 
My inference is that the plane of the ring passed through the Sun 
on the morning of Sunday, November i, when the planet was 
hidden by cloud. The line joining the centres of Saturn and the 
Earth was inclined about 2° 8' to the plane of Saturn's fiing afc 
6^ A.M. this morning. My telescope is a refractor by Simms, 
having 6 in. aperture, with a magnifying-power of 180. The phe- 
nomenon of the passage of the ring-plane through the centre of 
the Sun will not occur again until 1907, July 29." 

Yours faithfully, 
Murston Rectory, Sittingbourne, Nov. a. A. Feebman. 



Note on Bright Transit of Jupiter's Satellite I. and Black 

IVansit of Satellite III. 

Gentlemen, — 

Two observations of transits of Jupiter's Satellites of more 
than ordinary interest have recently been made here. Since they 
are perhaps worthy of record, I have pleasure in forwarding them 
to your valuable journal. During transit on 189 1, Sept. 3 (Sept. 2, 
22^ 17" G.M.T.), a few days before opposition. Satellite I. was 
visible throughout as a bright spot in contact with its shadows, on 
the south equatorial belt. It was sbeadily held, though faint, when 
central on the disc. 1891, Oct. 9, Satellite III. was seen in 
transit by Mr. E. T. A. Innes, F.E.A.S., and myself as an in- 
tensely black spot. Ingress was not observed, but an hour later 
the satellite appeared at first glance the most conspicuous marking 
on the planet, remaining so until twenty minutes before egress, 
when it faded rapidly and was lost at 10^ 5™ Sydney M.T. At 
10^ 8°^ it became visible as a light spot very near the limb, and at 
once increased in brightness. Egrees was noted as follows :— 
Internal contact 10^ 9™' 5. Bisection 10^ i3™'3. External con- 
tact 10^ I9"'3. Ingress of shadow was recorded: — External con- 
tact 10^ io"-5. Bisection 10^ i3™-8. Internal contact 10^ 20™*8. 
It will be seen the ' Nautical Almanac' times are somewhat in error. 
The satellite was centrally situated on the Great Eed Spot and 
was estimat-ed on the central meridian at 8^ 40™ S.M.T. It was 
thought, on mentally comparing with the shadow, that the satellite 
although as black, was certainly not so definite. 

The instrument used was an 8|-inch equatorial reflector, the 
mirrors of exquisite defining-power by With ; achromatic eye- 
pieces, powers 180 and 285 ; definition excellent on both occasions. 
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Many observations of the surface-markings of Jupiter have been 
made during the past opposition, which it is my intention to 
embody in a paper to be read before the Boyal Society of N.S.W. 
Paddington, N.S.W. Yours faithfully, 

1891, Oct. iz. WAia^EE r. Gai<e. 

Meteor and Meteor-streak observed in a Telescope. 

Gentlemen, — 

On Oct. 30 at 9*^ 13™ I was sweeping the sky in the region 
a few degrees S.W. of a Pegasi, with a power of 40, field 65', on 
my lo-in. reflector, and picked up a pretty faint, large nebula, 
near some telescopic stars. I had only obtained a momentary 
glimpse of it, and was in the act of clamping the telescope when 
both nebula and stars were suddenly obliterated by the light from 
a fine meteor which shot rapidly across the field from E. to W. 
It must have been brighter than a ist mag. star. The nucleus did 
not present a sharply defined disc, but looked like a molten, flaming 
mass, expanding sensibly and leaving behind it a bright streak. 
The end of the meteor was not seen, for it passed beyond the 
limits of the field before final disruption. 

The streak apparently brightened and for an instant it lay like 
a perfectly straight, luminous bar on the dark sky-ground inter- 
spersed with stars. But it immediately afterwards showed great 
proper motion ; the line became undulatory, and one minute after 
its first projection it exhibited a series of sharp curves, giving it a 
serpentine form. Selecting the apex of a V-shaped bend, I let it 
pass through the field, and found its rate of motion to be 1° in 
25 seconds, direction from S.S.W. to N.N.E. At first the streak 
was only i' in width, but in 4 minutes this had increased to 5', 
and it was fainter in proportion. It appeared to be seething and 
sparkling, as though composed of materials in a state of ebuUition, 
and this effect no doubt belied its true character as a mass of light, 
floating embers fanned and contorted by wind. 

At the time of the observation there was a very strong surface 
breeze blowing from E.N.E., so that the distant current in which 
the meteor- streak was borne along must have been travelling in 
nearly an opposite direction. 

The streak probably remained visible 8 or 10 minutes altogether, 
but after watching it 4 minutes I shifted the telescope to recover 
the nebulous object referred to at first, but in this attempt I was 
unsuccessful. Possibly the glare from the meteor may have so 
contracted the pupil of my eye as to make it incapable of grasping 
a faint object so soon afterwards. There are several pretty con- 
spicuous nebulae near a Pegasi (N.G.C. 7448, 7479, and 7515), but 
these are known to me, and the object I glimpsed on Oct. 30 is 
not to be identified with either of them. 

I may mention that since April 1889 I have observed 228 
meteors in my telescope, but the one described above was the 
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brightest of all. On Oct. 29 last I saw a meteor of about 8th 
mag. 2° W. of /3 Cjgni, and its motion was so slow that it occupied 
4 seconds in traversing 33' of arc. Combustion had no doubt 
begun some time before the meteor sailed into the field, and its 
disappearance occurred near the centre. This object, like many 
others of its class, gave me an impression of its great distance. 

Yours faithfully, 
Bristol, 1 89 1, Nov. 5. W. F. DuNNING. 

A New Belt on Jupiter. 

Gentlbmbn,— 

Much has been published lately on the markings on Jupiter, 
principally on his belts, the great red spot, and on the small black 
and white spots, &c., <fcc., but I have seen nothing confirmatory or 
otherwise regarding an observation made by me on the morning of 
Sept. 3, 189T. 

If my memory is not at &ult, no belt has ever been seen exactly 
on Jupiter's equator, the two usually thus called being one on 
each side, therefore, strictly speaking, are not equatorial. 

On the above date I saw what I had never before seen — ^a belt 
exactly between the two equatorial belts, and, consequently pre- 
cisely on his equator. It was first ghmpsed with a power of 132 
on my 16-inch refractor as an exceedingly delicate dark marking 
extending from limb to limb, but quite irregular and apparently 
discontinuous in places ; but with powers of 200 and 360, the seeing 
being good, it was better seen and with the continuity unbroken. 
Its general trend was parallel with the others, and, of course, with 
the equator, but its outline was quite irregular, being only a line 
in some places and belt-like in others. 

On Sept. 24, with seeing good, it was again carefully looked for, 
but not a vestige of it could be seen. Since then, with seeing 3 
on a scale of 5, it has not been re-observed. 

Has any astronomer seen a like phenomenon ? 

Warner Observatory, Rochester, N.Y. ToUTS truly, 

1891, Nov. 9. Lewis Swift. 

Prediction and Non-Prediction. 

Gentlemen, — 

One of the facts most generally known in the history of 
astronomy is that the first successful prediction of the return of a 
comet was made by Halley in the case of that which was after- 
wards called by his name. The grounds of his conclusion are, 
however, not always accurately stated, some fancying that he 
calculated the period of the comet of 1682 observed by himself and 
others. 

What he did was to compare the elements of the orbits of all 
the comets which had been in his time sufficiently observed (and of 
which the observations were accessible to him) to give hopes that 
these elements might be considered approximately accurate. 
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When he had done so, he was struck with the similarity between 
the orbits as calculated of the comets which appeared in the years 
1531, 1607, and 1662 and of those of 1532 and 1661, He sug- 
gested, therefore, identity in both these cases ; but whilst he did so 
boldly in the former case and confidently predicted the comet's 
return in 1758, he expressed himself doubtfully in the latter in 
these words: — "Crediderim equidem Cometam etiam anni 1532, 
eundem fuisse cum illo, qui ab Hevelio observabatur ineunte anno 
1661 ; sed observationes Apiani, quas solas de primo habemus, 
nimis rudes sunt, nee quicquam certi in re tam subtili ex iisdem 
elici potest." 

In the case of the comet now always known as Halley's by 
reason of his confident prediction of its return, he had not only 
accurate observations at two appearances, in 1607 and 1682, upon 
which to found his conclusion, but there were the additional 
confirmations that a similar orbit resulted from Apian's rough 
observations in 153 1 and that a large comet had been seen (though 
not astronomically observed) in the summer of 1456, '*eodempene 
modo inter Solem et Terram transiens retrograde," so that the 
periods between the four appearances nearly corresponded. With 
regard to the appearance in 1607, Halley was acquainted with the 
observations of Kepler at Prague and Longomontanus at Copen- 
hagen. 

Nearly eighty years after his paper (" AstronomisB Cometicas 
SjTQopsis ") was published (it first appeared in the ' Philosophical 
Transactions ' for 1705) the observations by Harriot in England and 
by Lower in Wales were brought to light by Von Zach. 

Respecting those of Lower, I recently made a communication to 
the ' Observatory.' It is much to be regretted that the manuscripts 
did not fall first into the hands of an English astronomer, Von 
Zach making many mistakes in their decipherment which were 
afterwards corrected by Eigaud. One of these, which I omitted to 
note in my last letter, was the attribution of Lower's observations 
in Carmarthenshire to Nathaniel Torporley. Mistakes, even when 
corrected, often reappear, and this is unfortunately followed in 
Carl's valuable ' Eepertorium der Cometen-Astronomie.' 

Notwithstanding the grave doubts felt by Halley with regard to 
the conjectured identity of the comets of 1532 and 1 66 1, Maskelyne 
wrote a paper in the ' Philosophical Transactions ' for 1786 with the 
object of facilitating a search for it in 1788. The French Academy 
had, he remarked, proposed the discussion of its motions as the 
subject of a prize, which had not then met with a satisfactory 
response. Mechain, however, not long afterwards undertook the 
investigation, with the result that the identity of the two comets 
was not probable. The elements of both have some similarity, as 
Valz pointed out, with those of the periodical comet of Brorsen ; 
but the supposition of identity would imply a very great change 
in the comet's personal appearance. x ours faithfully, 

Blackheath, 1891, Oct. 9. W. T. LnOf. 
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Early Observations of Saturn^ s Rings by Wright, of Durham, 

Gentlemek, — 

In discussions respecting early perceptions of an appear- 
ance which was doubtless produced by the dusky ring of Saturn, 
an observation by Thomas Wright, of Durham (whose name is 
chiefly known by its connexion with the so-called island theory of 
nebulae), has, it appears to me, been overlooked. It is found in 
his ' Clavis Coelestis,' published in 1742, where he says, p. 34 : — 

" Thus far I have describ'd this Eing, as supposing it f orm'd of 
one united Piece of Matter; but thro' the best Telescopes, it 
appears to be made up of many Eings, of which two are very 
visible, and a third perceptible. These I saw thro' a five Foot 
Focus Eeflector (made by Mr. Jackson) 1739, in March ; the out-. 
ward one being to the inward one as i to 3, but the rest were 
very obscure : At this Time the Eing appear'd most open." 

This is surely the first occasion on which the dusky part is 
spoken of as a separate or " third " ring. 

It is at p. 65 of his other work, ' An Original Theory or New 
Hypothesis of the Universe' (1750), that Wright expresses the 
view that " could we view Saturn thro' a Telescope capable of 
it, we should find his Eings no other than an infinite Number of 
lesser Planets, inferior to those we call his Satellites." 

This view had indeed been suggested before, but not so definitely 
as here by Wright, who assigns as his reason for believing it that 
the " Eing or Collection of small Bodies, appears to be sometimes 
very excentric, that is, more distant from Saturn's Body on one 
side than on the other, and as visibly leaving a larger Space 
between the Body and the Eing." 

Tours faithfully, 

Blackheath, 1891, Oct. 20. W. T. JjYNlf. 

The Solar Eclipse o/b.c. 217. 

Gentlemen, — 

I have not seen any reference in modem historians (or 
writers since Eiccioli) to this echpse, which occurred in the second 
year of Hannibal's campaigns in Italy, not long before his victory 
over Flaminius at the lake Trasimenus. Speaking of the prodigies 
which, according to Livy (lib. xxii, c. i), were manifested about 
the beginning of that year, one was that it was noticed (apparently 
in Sardinia) that " soils orbem minui visum." At Arpi the his- 
torian goes on to speak of " pugnantem cum luna solem," and at 
Gapena " duas interdiu lunas ortas." The first of these two (the 
second evidently has respect to a meteorological phenomenon) 
may refer to the eclipse ; but there can be little doubt that the 
expression I quoted before, about the diminution of the Siin s orb, 
does. The eclipse took place on the i ith of February, and was 
total in Northern Africa in the afternoon of that day. According 
to Oppolzer (' Canon der Finsternisse,' Eclipse, — 416, ii. 11) the 
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line of cenirality, after crossing the Atlantic from the northern 
part of South America, entered Africa near Cape Verde, and tra- 
versing that continent in a north-easterly direction, ended in the 
Mediterranean between the islands of Crete and Cyprus. It was 
doubtless visible as a large partial eclipse in Southern Europe, and 
the mention by Livy (whose record im copied by Julius Obsequens) 
forms an additional confirmation (besides- that of the eclipse in the 
year of the battle of Zama) of the accepted dates of the events in 
the Second Punic or Hannibahc War. 

Tours faithfully, 
Blackheath, 1891, Oct. 28. W. T. LynN. 



PUBLICATIONS. 

Sydney Double-Stae Meastjues *. — This is a reprint of a paper 
submitted to the Eoyal Astronomical Society in March 1891. It 
embodies the measures made at Sydney from 1882 to 1890, with 
the addition of previous observations by other observers where 
motion is suspected. The pamphlet certainly brings forward the 
fact that southern doubles are much neglected, and we can only 
hope that more attention will be given to this cIeiss of observatory 
work in future. There are stars in this list well worthy of per- 
sistent attention. 



Stab Qeoups f . — This is a neat and handsome compilation by 
Mr. J. E. Grore. The author has evidently aimed at presenting 
the different groups of stars, to very young beginners, in as attrac- 
tive and instructive form as possible. We think he has succeeded. 



Peactical Asteonomy as applied to Land Sueteying %, — 
Mr. Downes has attempted to put down in 20 pages all the 
astronomy that land-surveyors need know, to save them the 
trouble of wading through text-books. As in similar cases some 
of his remarks (notably those about time) would convey erroneous 
ideas to an astronomer, though they may, and probably will, con- 
vey correct ones to a land- surveyor. The style is concise and 
simple. 

* Besults of Double-Star Measures made at Sydney Obserratory under the 
direction of H. 0. Russell, B.A., RR.A.S. &o. (Turner & Bfonderson, Sydney, 
1891.) 

T Star Groups; a Student's Guide to the Constellations, By J. E. Gore. 
(London : Crosby Lockwood & Son, 1891.) 

X Praotical Astronomy as applied to Land-Surveying, by B. H. B. Bownes. 
From Froc. of Inst. Ciyil Eng. Published by the Institution. 
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NOTES. 

The Gegenschbin. — In No. 243 of the * Astr. Journal ' Prot 
Barnard summarizes his observations of the Zodiacal Counterglow 
or Gegenschein during the years 1 888-1 891. These were made 
under better conditions than *those by the same observer at Nash- 
ville in 1883 to 1887 (Astr. Joum. vii. p. 186) and satisfectorily 
confirm them. 

*' When first seen in the fall, the Gegenschein is large and 
roundish, and does not seem to be connected with any zodiacal 
bands. Later, after passing o^, it becomes very much elongated 
along the ecliptic, and is connected with the evening and morning 
zodiacal light by a narrow zodiacal band . . . usually from 3^ to 4° 
wide, and lying along the ecliptic." 

Mr. Barnard's observations of position, 16 in number, " made 
with the greatest care and which should have great weight in any 
discussion of the phenomenon," give for the position (\= longi- 
tude, /J = latitude) 

0-X=i8o^-6, /3=-|-i°-3. 

His previous observations (1883- 1887) gave 

0-.A=i8o°-6, ^=+o=-3. 

These " prove conclusively that the phenomenon is nearly 
always seen in a north latitude. It is possible that this may in 
part be due to atmospheric absorption, though the observations, 
extending through 40° of zenith-distance, do not give much weight 
to this suggestion. It is a question, however, that can only be 
settled by corresponding observations in the southern hemisphere. 
Parallax would tend to give it a southern latitude. 

" The observations also prove that the Gegenschein is not always 
exactly 180° from the Sun. There is certainly an oscillation of a 
degree or more from + 180°. That is, © —X is not a constant 
quantity, there being a tendency to a less longitude than © -|- 180°. 

" In some cases the observations have been made three or four 
hours from the meridian, but they do not seem to show any 
positive parallax — on the assumption that © — X is a constant 
quantity. 

" I have suggested in my previous paper (A. J. vii. p. t86) that 
the phenomenon may be due to some abnormal condition of 
refraction by our own atmosphere. There are a number of ob- 
jections to this theory, but it might be well to consider it further. 

" In his Mechanical Theory of the Corona^ as published in the 
Lick Observatory Export of the eclipse of 1889 Dec. 21-22, 
Professor Schaeberle has pointed out that a phenomenon similar 
to the observed Oegenschdn will be produced by a system of nearly 
radial luminous lines having the Sun as a centre of divergence. 
The centre of the Gegenschmn is one vanishing point of such a 
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system of lines, while the centre oE the solar corona is the nearly 
diametrically opposite vanishing point of a similar system of lines. 
" These lines, he claims, produce in perspective all the well- 
known coronal forms. Perhaps sufficient observations have now 
accumulated to test one or the other of these theories." 



Elizabeth Thompson Science Fund.— This fund, which has 
been established by Mrs. Elizabeth Thompson, of Stamford, Con- 
necticut, "for the advancement and prosecution of scientific 
research in its broadest sense," now amounts to 26,000 dollars. 
As accumulated income will , be available December next, the 
trustees desire to receive applications for appropriations in aid of 
scientific work. This endowment is not for the benefit of any one 
department of science, but it is the intention of the trustees to 
give the preference to those investigations which cannot otherwise 
be provided for, which have for their object the advancement of 
hnman knowledge or the benefit of mankind in general, rather 
than to researches directed to the solution of questions of merely 
local importance. 

Applications for assistance from this fund, in order to receive 
consideration, must be accompanied by full information, especially 
in regard to the following points : — 

1. Precise amount required. Applicants are reminded that one 

dollar is approximately equivalent to four English shillings, 
four German marks, five French franCs, or five Italian 
lire. 

2. Exact nature of the investigation proposed. 

3. Conditions under which the research is to be prosecuted. 

4. Manner in which the appropriation asked for is to be ex- 

pended. 

All applications should reach, before December 10, 189 1, the 
Secretary of the Board of Trustees, Dr. 0. S. Minot, Harvard 
Medical School, Boston, Mass., U.S.A. 

It is intended to make new grants at the end of 1891. 

The trustees are disinclined, for the present, to make any grant 
exceeding three hundred dollars ; decided preference will be given 
to applications for smaller amounts. 



The Solab Paballax feom OcctrXiTATioNS. — The peculiar 
advantages of occultations for determining the Moon's place are 
too well known to need a detailed explanation. The instantane- 
ous disappearance of the star is significant of the absence of a 
sensible lunar atmosphere; and the real limb of the Moon is 
known to pass through a very definite point at this moment. The 
real limb may be said to be unknown to the meridian or altazimuth 
observer. He is accustomed to record the transit of a limb made 

TOL. XIV. 2 I 
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indefinite by difEraction phenomena, and of which different obeer- 
yers select different zones for observation; and, what is more 
important, the same observer will select different zones according 
to the age of the Moon, for observations near new Moon are 
necessarily made in a daylight sky when the Mnter zones of the 
diffraction border are lost ; while they show quite strongly against 
the night sky of full Moon. Thns meridian observations near 
new Moon are not comparable with those at full Moon. Again, 
meridian observations are made on the bright limb, which is the 
preceding limb before, and the following limb after, full Moon. 
To obtain the place of the centre we must add the semidiameter 
in the first case and subtract it in the second, and thus, if there 
is any doubt about the diameter, observations before and after full 
Moon are not comparable. There are thus considerable difficulties 
about determining the parallactic inequality, whoise period is a 
month, from meridian observations. The coefficient of this 
inequality contains the solar parallax as a ^ctor, and a good deter- 
mination of the coefficient would give us a good value for the solar 
parallax. But a discussion of meridian observations for such a 
purpose is more than likely to give us quite a fictitious parallactic 
inequality, depending on the changes of personality in observation 
of the limb. Now the information given by ocCultations is free 
from this defect. We are here dealing with the real limb, and the 
only personality which concerns us is the difference between that 
for disappearances and reappearances, which enters into the dia- 
meter. There is, fiowever, the drawback that the number of stars 
in the path of the Moon bright enough to be satisfactorily observed 
at occultation is smaU, and the number which can be observed at 
both disappearance and reappearance is smaller still. The near 
neighbourhood of the bright Moon overpowers the light of the 
star and tires the eye. 

It was pointed out some years ago that an exceptional oppor- 
tunity is presented by a total eclipse of the Moon. Here both 
limbs are dark, and there is no moonlight to overpower faint stars. 
We thus have an opportunity of observing the cGsappearance and 
reappearance of the same star, even though it be 9th or loth mag- 
nitude, of which there are sure to be some occulted. Unfortunately 
the eclipses of 1884 Oct. 4, and 1889 Jan. 28, have shown that 
the probable error of such observations is much larger than was 
expected from similar observations of bright stars when there was 
no eclipse. 

Thus it cannot yet be said that we have sufficient material for 
determining the occultation-diaraeter and the parallactic inequality. 

Dr. Battermann * has made a gallant attempt to supply this 
deficiency, or at least to show how it may be supplied. He has 

* "Beitriige zur Bestimmmg der Mondbewegung und der Sonnenparallaxe 
au8 Bebbachtungen von Sternbedeckungen am sechsfiissigen Merz'schen Fern- 
rohr der Berliner Stern warte," von Dr. H. Battermann, Beobachtungs-Ergebnisae 
der k. S. zu Berlin, Hefte No. 5. 
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shown that near new Moon the occultation- of comparatively faint' 
stars can be observed ; and hence the number of available occulta-^^ 
tions largely increased. Such occultations are not at present pre^^ 
dieted by computation in our almanacs. It is usual to compute 
those for stars down to 6| magnitude only ; but it would be well 
to omit some of these near full Moon, and to add fainter ones 
near new Moon, In default of computed predictions, Dr. Batter- 
mann used a graphical method for predicting reappearances, and 
simply watched for the disappearances. The result is a fine list 
of 250 occultations from 1884 April to 1885 October, during 
which time the Greenwich observers, using the list of the N.A., 
only obtained 26. 

, The deduced places . of the Moon are carefully discussed for 
parallactic inequality, and the resulting solar parallax is . . 

•7r = 8"794-j-o"oi6. " 



Magitetio Obseevations in Nova Zbmbla *. — The first part of 
the results obtained by the Eussian Polar Expedition in the winter 
1882-3 ^*s just reached us. The most interesting part of it is 
the brief account of the expedition itself in the Introduction. The 
worst trials of the explorers seem to have been the snow showers. 
" On the 1 2th of November the Sun was visible for the last time, 
and now began the 3 months of true Polar night. With the end 
of November came severe snowstorms, impossible to describe to 
those who have not witnessed them. The first signs of a coming 
storm are milk-white clouds in the eastern horizon ; a S.E. wind 
gets up which rapidly increases in about an hour to a tempest, and 
remains furious for days. On the fijst and second days of th^ 
storm thick snow and a number of small stones are blown from 
the neighbouring mountains, and beat on the roofs of the houses 
with such noise as to drown all ordinary conversation ; the rattle 
is like that of looms in a big factory. In the garrets and outhouses 
snow falls as thickly as in the open. On such days it was very 
difficult to make observations. The observers could scarcely take 
the few steps from one instrument to another. They generally 
went slowly backwards, holding tightly to a rope 5 the snow was 
blinding, and the wind made it almost impossible to breathe.'' In 
such conditions the ordinary observations of magnetic declination, 
dip, and horizontal force were made with regularity ! 



Comet Notes. — No. 3064 of the Ast. Nach. contains a discus- 
sion by Dr. Oppenheim of the orbit of Brooks' Comet (1886 IV.). 
The most probable period is 5*5954 years, which would tnake the 
next perihelion passage 1892, Jan. 13. He thinks there is little 
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prospect of seeing the comet at the next perihelion unless it shonli^'^ 
occur considerably later than this. He gives ephemerides on tb^^ 
assumption that perihelion takes place — (i) March i, (2) March ^ r^ 
(3) April 30, (4) May 30, (5) June 29, (6) July 29. 

Wolfs Comet promises to be within reach for some months 
longer. An Edinburgh circular has been issued giving an epbe- j 
meris by Berberich up to April 3, 1892, when the brightness will 
be half that at rediscovery. It reaches its greatest south decli- 
nation on Dec. 19, and by April 3 will be again near the equator. 
We append an ephemeris for December : — 





B.A. 


Deol. 




E.A. 


Decl. 




h m 8 


/ 




h m 8 


< 


Dec. 3 . . 


4 22 58 


-13 42-2 


Dec. 19 . . 


4 15 41 


-14 51-2 


7.- 


4 20 40 


14 14*5 


23.. 


4 14 49 


14 46-3 


II.. 


4 18 39 


14 s6'2 


27. . 


4 14 23 


14 34*3 


15.. 


4 16 59 


— 14 48*1 


31.- 


4 14 24 


— 14 16-3 



The places are for Berlin Mean Midnight. 

Tempel-Swift's Comet was observed at Kiev on Oct. 24 in E.A. 
jjhgm 57».i4, N. Dec. 4° 19' i5"-6, the G.M.T. of observation 



being 7*^ 18"* i8'. 



Dec. I . 

5 
9 



B.A.« 

h m 8 

23 42 I 

o 9 57 
o 39 18 



Ephemeris for December. 
N. Bed. 



o 
21 



33*9 
23 26*2 

25 1*4 



Dec. 13. . 
17.. 
21 . . 



Ml. A., 

h m 8 

I 9 13 
I 38 46 

273 



N. Bed 

26 14*9 

27 37 
27 26-8 



The brightness reached a maximum on Nov. 27, when it was 
3*5 times that at rediscovery. 



» 

The Libbation of Htpeeion.— The third of Dr. Hermann 
Struve's papers on Saturn's Satellites appears in Ast. Nach. 
No. 3060. The former two dealt with Ehea and Tethys (' Obser- 
vatory/ No. 159, p. 94) and with Mimas and Enceladus (No. 167, 
p. 330); and belong to the first of the investigations which 
Dr. Struve proposed to undertake, viz. the determination of the 
orbits of the five inner satellites. He is now attacking the second 
problem — that of Hyperion ; and a third is yet to come — the con- 
sideration of the ball and ring system. In the present paper a 
libration in the longitude of Hyperion is discussed. A few obser- 
vations only are selected for this purpose, but they are sufficient 
to give clear evidence of the existence of this term, whose period 
is 641 days. If we put 

V = 4^-3^1 -w, 

where I and \ are the mean longitudes of Hyperion and Titan 
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respectively, and ui the mean longitude of the perisaturnium of 
Hyperion, then owing to the relation 

between the corresponding mean motions, V oscillates about a mean 
value (i8o°), and it is this oscillation which is called a libration. 
There will b^ corresponding inequalities in the longitudes of 
Hyperion and Titan, of amplitudes inversely as the masses. In 
the longitude of Hyperion this inequality would be, neglecting 
the mass of Hyperion as compared with Titan, 

?Z=9°sino°-562(<— <o)» 

and the application of this term is found to distinctly improve the 
observed longitudes of Hyperion. The term in Titan will be small, 
depending' on the mass of Hyperion ; but if it can be detected it 
will give us a value for the mass of Hyperion, or at least a superior 
limit to its value. 



A Classification of Periodic Comets. — It will be remem- 
bered that Prof. Barnard followed Comet 1889 I. to a distance 
greatly exceeding previous records, and greater than the aphelion 
distance of many periodic comets. . This opens up possibilities of 
following comets throughout the whole of their orbits ; but in a 
recent communication to the 'Astronomical Journal' (No. 246) 
Prof. Barnard is careful to point out an important limitation of 
such possibilities. Comet 1889 I. was of a peculiar physical ap- 
pearance, resembling some of the periodic comets, but not jJl. 
There are in fact, according to his experience, two distinct cl^isses 
of periodic comets, M not three. Those in the class of which 
Comets 1889 I. and 1889 II. are an "exact counterpart*' (except 
in being periodic) are " comparatively small, and have an indefinite 
central brightness or nucleus, and often an incipient bushy tail. 
Their principal characteristics are their smallness and indefinite 
nuclei. These peculiarities are more pronounced when the comet 
is coming first into view or is disappearing. Many of the para- 
bolic comets resemble them, and there are hundreds and perhaps 
thousands of nebulaa just like them in appearance. . . . That some 
one of these comets will be followed completely around its orbit 
some day is only a matter of a reasonable increase in our present 
telescopic power." Another class of periodic comets, which he 
calls Class I., are " large, round, and very gradually brighter in 
the middle, with no special condensation, and of a very diffused 
nature. They are from one to several minutes in diameter, and 
have no nucleus or tail. These are distinctly periodic. Indeed, I 
have seen no representative of this class that was not periodic. 
. • . Trusting to this peculiarity, I predicted, at the first obser- 
vation, that the comet discovered by Swift, 1889 Nov. 16, was of 
short period (see A. J. 207). A similar prediction was made at^ 
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the first obseh'-ation of D'Arrest's Comet in 1890, when I suppose 
the discovery was an entirely new comet (see A. J. 227)." 



Thb Q^alb or NovEMBBE II. — The following are some par-" 
ticulars of this gale as observed at the Eoyal Observatory, Green- 
wich. The wind began to increase in strength shortly before 
midnight on November 10, the direction being JS.S.E. During the 
night it further increased, the greatest pressure registered up to 
7"* 45™ A.M. of November 1 1 being 5 lb. on the square foot. Tha 
pressure record was lost from 7^ 45™ to 9^ 15™ a.m. At 10*^ the 
direction was S.S.W., and from this time until 11^ pressures con- 
siderably above 5 lb. were many times registered, the greatest^ 
being io| lb. There was then some cessation, until shortly after 
jh 2ot" pj^^^ at which time the force of the wind increased in the 
most sudden manner, the pressures, which had been ranging from 
2 to 4 lb., going suddenly up to pressures ranging from 10 to 
15 lb. This increased force was maintained until 4^ p.m. ; the 
force then gradually declined until midnight. The greatest pres- 
sures regist-ered at the height of the gale were between i** and 
2^ P.M. =25 lb., between 2** and ^ =312 ^"> between 3** and 4** 
= 25 lb., and between 4*^ and 5*^ = 13 lb. During these four hours 
pressures above 10 lb. were very many times recorded, above 15 lb. 
II times, above 20 lb. 4 times, the greatest, 31^ lb., occurring 
shortly after 2^ 30™ p.m. The wind, which at lo*" a.m. was S.8.W., 
gradually veered to W.S.W. by 3*^ p.m., at which point it remained 
until midnight, becoming afterwards S.W. There was no change 
of direction with the sudden increase of force at i** 20*" p.m. The 
velocity of the wind at midnight of November 10 was 17 miles 
per hour, slightly increasing towards morning, being between 7^ 
and 9^ 22 miles, between 9^ and ii^ 25 to 30 miles. Then a lull, 
as before mentioned. Between i* and 5*^ p.m., the hourly velocity 
was generally nearly 40 miles per hour, being at i^^ for a period 
of about 7 minutes as miich as 50 miles. [These velocities have 
been corrected for instrumental error as kindly determined by 
Mr. Dines.] The barometer, which at 8** p.m. on November 10 
read 29*29 in., had descended by 5** a.m. following to 28*63 ^^9 
and by ii| a.m.- to 28*31 in., a fall of 0*98 in. in 15 1 hours. The 
reading then increased to 28*59 in. by 3** p.m. on November 11 and 
to 29*06 in. by 9 p.m., a rise of 0*75 in. in 10 J hours. Bain com-; 
menced to fall on the evening of November 10, and fell nearly 
continuously until about 3** p.m. on November 1 1, amount =0*90 in. 

It is believed that the record of occasional large pressures of 
wind previous to the year 1882 was due principally to irregular 
action in excessive gusts of the copper vidre connecting the pres- 
sure-plate vwth the registering-pencil. For this wire a brass chain 
was substituted in the year mentioned, which, always in ten&ion, 
appears to have much improved the record. Since the year 1882 
no pressure equal to that of November 1 1 has been record^, the 
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greatest in each year having been aa follows : — in 1882 (after 
introduction of brass chain) 29 lb., in 1883 28^ lb., in 1884 2^ lb., 
also in 1885, in 1886 28 lb., in 1887 20 lb., in 1888 21 lb., in 1889 
15 lb., also in 1890, and in 1891 (November 11) 31 J lb. 



The Solae Paballax feom Hbliometee Observations at 
Transits oe Venus. — Dr. Aiiwers has published* the results of 
heliometer measures of the distance of Venus from the Sun's limb 
at the following stations : — 

"1874 Tschifu 

Kerguelen Is. 
Auckland Is. 
Mauritius 
1882 Hartford 
Aiken 

Bahia Blanca 
Punta Arenas 

The result from the 1874 transit is 8"'877-f-o"*o43, and from 
the 1882 transit, 8"-879+o"-o37. The use of a parallax of 8"*8o 
increases the sum of 18 residuals for the 1874 transit from 4''* 7 7 
to 5'''oS ; and of 27 residuals for the 1882 transit from 5"'62 
to 6"- 1 2. 
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The Lunar Eclipse o:p 1891, Nov. 15. — Observations of this 
eclipse seem to have been almost universally frustrated. Nothing 
was done in the British Isles (G-reenwich, Clapham, Ealing, Stony- 
hurst, Bermerside, Dublin, Glasgow, «fec.), or at Paris, Brussels, 
Dresden, G-enf, Hamburg, Strassburg, Utrecht, Kiel, Bothkamp, 
or New York. It was clear at Halifax in Canada, and at Madrid, 
Lisbon, and Bermuda. It is perhaps fortunate that the list of 
stars to be occulted during the total phase was comparatively short 
and unimportant. 



Les Etoiles filantes de Novembbb, — La forte bourrasque qui 
a sevi, du 12 au 16 novembre, au nord-ouest de TEurope, a tout 
bouleverse dans nos contrees et dans les stations de notre societe. 
Aussi les observations de meteores lumineux durant les trois nuits 
des 13-14, 14-15, et 15-16 courant, ont echoue et n'ont rien pu 
reveler sur la pluie meteorique de cette ann^e. 

Grrace h, quelques eclaircies parmi les nuages et la brume, on tk 
pu g^ et 1^ reconnaitre que le flux meteorique etait cette anne'e 
plus abondant que les annees precedentes. 

* Astron. Nach. No. 3066. 
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Ainsi & Pavie, dans la nult du 14-15,011 a obBeir^onzemd^DrM^ . 
presque tous splendides, emanant de la'coQBteUation da lioii. 
A MoDcalieri, dane la nuib da 15-16, dix autres Ltoaides dee 

plus brillantea.Be sont rev^ees. . _ - - 

A Home, dans la nuit de 13-14, on a pu en reconnaJtre 35, et 
n duns la nuit du 15-16. Quelques-unea k peine ont 6t6 
observe i la forteresae d'Altare, pres de Savone, ot <'i San Mar- 
tino in Peosili (Campobasso) ; rieu ailleura. 

I! est r^rettable qu'on n'ait pu suivre cette annse la progresaion 
du pb^nouene et constater d'uoe fa^oa plus sClre In freqneuce des 
reapparitiooB. P, F. DEsy.A. 

De robserntoire de Uoncalieri, le 13 noTembre, 1891. ' 



M. Palmibei, Director of the Vesuvian Observatohy, is reaponaible 
for the atatement that all the great eruptions of Vesuvius take 
place at new or full Moon, and especially at Eclipses. The eclipse 
of Jane 17 was also accompanied by violent earth-currents. 

(Jn the other hand we team that " Captain de Montessus, who 
las patiently accumulated obdervationa ana data couceraing earth- 
quakes, has now a Catalogue of more than 60,000 of these pheno- 
mena, iudiTidnally discussed. He establishes that earthquakes ara 
distribnted uniformly throughout day and night; that tbey have 
no relation to Moon culminations and aatronomical seosbuH, and 
that such coincidencea which have been claimed in the past rest ou 
insnfficient grounda " (Bull. Astr. tome viii. p. 513 ; the originol 
paper being in 'Archives de Geneve,' t. xiii. etxxv. 1889 et 1891). 

Me. S, C, Chandleb, who has done such good work on Yariabla 
Stars, has temporarily transferred hia attention to the latitude^ 
which may be (klled a suspected Variable. The first of whatiA ' 
obviously to be a series of papers on tliia subject appears in Ast 
Joam, No. 248, and deals with the evidence of the Almucantar, 
which is distinctly for variability. We defer summary or criticiBm 
until the series o£ papers is complete. 

Thb second volume (E.A. 6" to 12'') of the Great Paiis Catalogae 
waa presented to the Academy of Sciences on September 21, and 
will doubtless aoon be distributed. It may be recalled to mind 
that this Catalogue is founded on about 500,000 observations made 
at Paris during the last 50 years of the 48,000 Lalandestars. The 
first volume was distributed in 1888 ('Observatory,' No. 138, 
P- 303}- 

Thb attempt to find solid roclc near the summit of M. Blanc, bv 
boring galleries through the ice, having been so far nnsuccesafiu, 
Tji.. Janssen is considering the feasibility of founding an observatory 
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if preferred. Detailed Prospectus on application. 
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* Snrelj this is the very luxury of Stellar cartography, for, from the days of Bayer downward", 
lothing has appeared oonipamble with the nplendul series of charts now ^fore us for the special 
pnrpose for which they are intended. ... It has been reserved for M!r. Cottam to produce what, for 
aployment wiUi ins^ments having motions only in altitude and azimuth, is as near perfection as 
lay delineation of the celeRtial concave on a plane surface is ever likely to be. . . . The amount of 
labour expended on this splendid work must have been enormous. No astronomical library or obser- 
ntory of any pretensions can afibrd to be without it." — English Aleehanic. 

" Mr. Cottam's admirable maps of the constellations are designed expressly for the use of amateurs ; 
bat every acttronomer might profitably devote a couple of years to scanning the heavens with their 
lid. To say nothing of the profound delights of such an apprenticeship, it would be of essential use 
fai qoickening thought, and thought is progress. The maps before us are drawn on a scale — one-third 
rftn inch to a degree — unprecedently large in modem works of the kind. They are 36 in number, 
■id each includes at least one complete asterism. Hydra — an especially ill-conditioned one — alone 
pofing recalcitrant to this advantageous arrangement. The projection employed is moreover of 
10 rimple a character that observers can readily lay down 8ui}plementary objects, thus convertine 
tte maps into a graphical working list of a handv and sug^iehtive kind — of the only kind, indeed, 
■nilable for the possessors of telescopes monntea on trii>3d or altazimuth stands. Yet they need 
BQt regret being precluded from the orthodox method of pointing by the setting of circles if t^ey 

6 in, with the expertness in the visual performance of the oi>eration, which the persevering use of 
r. Cottam's charts can hardly fail to confer, a familiar acquaintance with the minuter features of 
the heavens, joined with the deep-seated and reverential wonder inseparable from their thoughtfol 
oontempJation." — Saturday Seview. 
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watches were not intended for the competitive trial, they obtained 
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Db. Gill, now Astronomer Eoyal at the Cape, wrote: — "Of the 60 
chronometers used, Kullberg 488 has, on the whole, performed best. 
Allow me to express the great satisfaction I have had in all the 
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Crawford's Transit of Venus Expedition, 1874). 
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COMPANION, 1892. 



Frice Is. 6d. 



" The Observatory htis conceived the idea of publishing a Supplomc 
Numlwr, The Companion to the Observatory^ which will have a 
deserved success with all observers. In this little brochure the ol 
has at his disposal information wliich he had to gather from tho wocki 
Webb, the American Nautical Almanac^ and other collections." — Bui 
Astronomique, 

"The President, in commending the Companion to the Ohservatory totiieatt 
of the members, said that it furnished a large amount of information thatioalil 
useful to them. . . . It is a valuable addition to the monthly ObterHh^' 
Journal of the L. A. S. 

" No possessor of an astronomical telescope, big or little, should fail to 
himself with this excellent little pamphlet. It may fairly be said to be inc" 
to every observer of the heaTens. ' — F.B.A.S. in ^kmglish Mechanic* 
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handy-book.' — Illustrated Science Monthly. 
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trustworthy elementary manual of astronomy." — Athenmum, 
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BY 

WILLIAM F. DENNING, F.E.A.S. 

(Formerly President of the Liverpool Astronomical Society.) 
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f *' As might be expected from such an experienced and enthusiastic observer as Mr. 
^ Denning, this book is thoroughly practical. He is not contented with describing the 
beauties of the skies, but givps inTahiable information as how to see them best. To 
obserfters of hmited means the book will be of the greatest assistance, both in the 
i ^ flBleotion and use of their instruments. The book is full of important practical details. 
Bvery one who uses a telescope or intends to use one, of whatever dimensions, should 
read Mr. Denning's book." — Nature. 

. "There is a peculiar interest and fascination connected with the subject of 
Astronomy^ which even the comparatively uneducated reader cannot but feel, and 
hence there exists here a field for popular presentation which is hardly equalled in 
any other branch of science. The present work is one of this class, and is fresh in 
: matter, attractive and popular, in style, and with its numerous illustrations cannot fail 
to bring pleasure and instruction to all who use it." — American Journal of Scierwe. 

Mr. Bennuig "writes as an observer of skill and experience, whilst the early chapters 
on the invention, history, and development of the telescope are replete with mterest to 
all, but especially to those who are themselves astronomical observers." — Athenrntw., 

"Itdeserves to beread with respect and attention by everj- amateur astronomer ; nor 
em the task prove anything but a pleasure to such as will genially commit themselves 
fa the guidance of an author whose arbitrary dealings, here and there, with language 
impart a certain raciness to the ready and animated flow of his discourse. The want, 
■ moreover, of such an unpretending handbook is, we believe, genuinely felt. Many 
"persons are the possessors of tele^opes which they are at a loss how to employ. 
Intending observers cannot do better, under these circumstances, than .place themselves 
under Mr. Dennings guidance The book is suitably and sufficiently illustrated, in 
hrge measure from the author's original drawings." — Saturdai/ Review, May 23. 

** Mr. Denning is universally recognized as one of the greatest living authorities on 

the subject of Meteoric Astronomy. A work from his pen will therefore be read with 

<mnch interest and expectation by all lovers of the sublime science, and his readers will 

not be disappointed. This is a very interesting and valuable work, and all telescopista 

should procure a copy without delay." — Philosophical Magcuine (J. E. Goeb). 

■" Mr. Denning is so well known as a patient observer of meteors and comets that 
a 'work from him on observational astronomy will be looked upon with special 
interest."— Knowledge. 

" The illustrations are numerous and well executed and there is a fairly copious 
index. Mr. Denning's work will we trust have a large circulation, for it thoroughly 
deserves it. The book would make an admirable addition to the shelves of a lending 
library." — Bristol Times and Mirror. 

" Since the appearance of Webb's 'Celestial Objects for Common Telescopes* I much 
doubt if any work more useful to the amateur observer (and notably to the beginner) 
,has appeared than ' Telescopic Work for iStarlight Evenings' One conspicuous merit of 
Mr. Denning's excellent book lies in the fact that it is obviously written by a man 
possessing the most thorough personal familiarity with the objects he so lucidly 
describes." — ''E.}i.A.S." in English Mechanic. 

"Mr. Denning has writ4;en in a straightforward earnest fashion that must not only 
. make many difficulties clear to his readers but inspire them with sometliing of his own 
determination and enthusiasm." — Observatory. 

** A glance at its table of contents will interest any reader of Astronomy who knows 
anything of the Author's ability as a j)ractical astronomer and a ready writer on 
general astronomical themes." — Sidereal Messenger. 

" Would-be purchasers of telescopes are assisted with sound advice, would-be 
' workers with telescopes are supplied with stimulating suggestions."— «/(0«<rna/ of th» 
British Astronomical Associatio^L 

*' Mr. Denning is one of the keenest, most unwearying observers in England, and the 
book is worthy of his reputation." — Weekly Mail. 
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E. DENT & CO., 

61 STBAND and 4 BOYAL EXCHANGE 
(Factory: 4 HANWAY PLACE, W.), 

I.ONDON. 



MAXUFACTL'RERS OF 

ASTRONOMICAL CLOCKS, 
GALVANIC CHRONOGEAPHS, WATCHES, 

CHBONOMETEBS, SHIPS' COMPASSES, 

TO HEE MAJESTY and H.E.H. THE PEINCE OP WALES. 

MAKERS OF 

THE GREAT WESTMINSTER CLOCK 

AND OP THE 
OP 

THE BOTAL OBSERVATOBT, GREENWICH, 

AND OP 

STANDARD CLOCKS AND CHRONODRAPHS 

POR THE 

GEEENWICH, EDINBURGH, OXFORD, DUNSINZ, PULKOWA, 
BRUSSELS, GENEVA, &c. OBSERVATORIES ; 

MAXUFACTURERS OF 

STANDARD AZIMUTH SHIPS' COMPASSES 

AND 
FOB THE 

BRITISH, AUSTRO-HUNGARIAN, ITALIAN, RUSSIAN, 
GERMAN, SPANISH, JAPANESE, AND OTHER FOREIGN 

AND COLONIAL GOVERNMENTS. 



CATALOGUES ON APPLICATION. 



61 STRAND and 4 ROYAL EXCHANGE, 

LONDON. 



t I, • 



V.>.' 



wa 



Iff 



P- '' 



%: 



Z' 's, 



SkV. 



/-^^ 









BBH?fi^\ 


HC^Sp^Sk'S^ . ^ 




i? 


' ■ '' ... 


**■ - 



